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TRANSLATOR'S  PREFACE. 

In  this  edition  I  have  incorporated  a  large  mass  of  Dr.  Hermann  Muller's  recent 
obserrationB,  of  which  he  sent  me  fall  notes ;  and  I  have  also  added  farther  details 
where  it  seemed  necessary,  taken  from  his  own  and  other  writings.  Many  new  fignres 
from  Dr.  Hermann  Muller's  other  works  have  also  been  inserted  here. 

The  systematic  part  of  the  book,  which  is  arranged  on  Endlicher's  system  in  the 
German  edition,  has  been  re -arranged  according  to  Bentham  and  Hooker's  Ge^iera 
Plantarum. 

I  may  mention  one  case  ont  of  many  in  which  I  have  had  difficulty  in  choosing 
between  equivalent  words.  I  have  throughout  naed  fertilisation  in  preference  to  the 
unn^unly  word  pollination,  to  imply  application  of  pollen  to  the  stigma  without 
«A<,.Anite  reference  to  the  result  of  the  act :  that  is  to  say,  I  have  in  ordinary  cases 
translated  Bestdubung  and  Befruchtung  by  the  same  word.  But  I  have  taken  pains  to 
gDard  against  ambiguity  in  all  cases  where  this  rendering  might  lead  to  it. 

Mr.  T.  H.  Corry,  of  Caius  College,  Assistant-Curatorof  the  University  Herbarium, 
has  read  through  the  whole  systematic  part,  giving  me  constant  assistance. 

I  have  been  at  pains  to  compile  a  list  of  all  works  relating  to  the  subject  of  this 
book  ;  and  so  far  as  lay  in  my  power  I  have  added  an  Index  of  genera  to  the  list. 

Charles  Darwin's  preface,  full  of  suggestion,  full  of  kindly  appreciative  feeling,  is 
of  peculiar  interest  as  one  of  the  very  last  of  his  writings. 

D'ARCY  W.  THOMPSON. 
Tbisitt  C0LI.E01C,  i4prU,  1888. 


PREFATORY  NOTICE. 

The  publication  of  a  translation  of  Hermann  MUllcr*s  Die 
Befruchtung  der  Blumen,  etc.,  will  without  doubt  be  a  great 
service  to  every  English  botanist  or  entomologist  who  is  interested 
in  general  biological  problems.  The  book  contains  an  enormous 
mass  of  original  observations  on  the  fertilisation  of  flowers,  and 
on  the  part  which  insects  play  in  the  work,  given  with  much 
clearness  and  illustrated  by  many  excellent  woodcuts.  It  includes 
references  to  everything  which  has  been  written  on  the  subject; 
and  in  this  respect  the  English  edition  will  greatly  exceed  in 
value  even  the  original  German  edition  of  1873,  as  Miiller  has 
completed  the  references  up  to  the  present  time.  No  one  else  could 
have  done  the  latter  work  so  well,  as  he  has  kept  a  full  account 
of  all  additions  to  our  knowledge  on  this  subject.  Any  young 
observer  who,  after  reading  the  whole  or  part  of  the  present  work, 
wiU  look,  for  instance,  at  the  flower  of  a  Salvia,  or  of  some 
Papilionaceous  or  Fumariaceous  plant,  or  at  one  of  our  common 
Orchids,  will  be  deUghted  at  the  perfection  of  the  adaptations 
by  which  insects  are  forced,  unconsciously  on  their  part,  to  carry 
pollen  from  the  stamens  of  one  plant  to  the  stigma  of  another. 
Design  in  nature  has  for  a  long  time  deeply  interested  many  men, 
and  though  the  subject  must  now  be  looked  at  from  a  somewhat 
different  point  of  view  to  what  was  formerly  the  case,  it  is  not 
thus  rendered  the  less  interesting. 
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Hermann  Miiller  has  by  no  means  confined  his  attention  to  the 
manner  in  which  pollen  is  carried  by  insects  or  other  animals 
from  plant  to  plant,  for  wind -fertilised  flowers  have  been  carefully 
described  by  him ;  and  several  curious  transitions  from  the  one 
state  to  the  other  are  noticed.  He  has  also  attended  more  closely 
than  any  one  else  to  the  many  contrivances  for  self-fertilisation, 
which  sometimes  co-exist  with  adaptations  for  cross-fertilisation. 
For  instance,  he  has  discovered  the  singular  fact  that  with  certain 
species  two  kinds  of  plants  are  regularly  produced,  one  bearing 
inconspicuous  flowers  fitted  for  self-fertilisation,  and  the  other  kind 
with  much  more  conspicuous  flowers  fitted  for  cross-fertilisation. 
The  flowers  on  the  first-mentioned  plants  serve  the  same  end  as 
the  curious  little  closed  cleistogamic  flowers  which  are  borne  by  a 
considerable  number  of  plants,  as  described  and  enumerated  in  the 
present  work. 

There  is  another  interesting  feature  in  the  Bffrnchtung,  by 
which  it  difiers  from  all  other  works  on  the  same  subject ;  for  it 
includes  not  only  an  account  of  the  adaptation  of  flowers  to  insects, 
but  of  different  insects  to  differently  constructed  flowers  for  the 
sake  of  obtaining  their  nectar  and  pollen. 

Any  one  who  will  carefully  study  the  present  work  and  then 
observe  for  himself,  will  be  sure  to  make  some  interesting  dis- 
coveries ;  and  as  the  references  to  all  that  has  been  observed  are 
so  complete,  he  will  be  saved  the  disappointment  of  finding  that 
which  he  thought  was  new  was  an  already  well-known  fact.  I 
may  perhaps  be  permitted  here  to  mention  a  few  points  which 
seem  to  me  worthy  of  further  investigation.  There  are  many 
inconspicuous  flowers  which  during  the  day  are  rarely  or  never  visited 
by  insects,  and  the  natural  inference  seems  to  bo  that  they  must 
be  invariably  self-fertilised ;  for  instance,  this  is  the  case  with  some 
species  of  Trifolium  and  Fumaria  which  bear  very  small  flowers, 
with  some  species  of  Galium,  Linum  ecUharticum,  &c.  Many  other 
such  flowers  are  enumerated  by  Muller.  Now  it  is  highly  desirable 
that  it  should  be  ascertained  whether  or  not  these  flowers  are 
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visited  at  night  by  any  of  the  innumerable  individuals  of  the  many 
species  of  minute  moths.  A  lepidopterist  while  collecting  at 
night,  if  endowed  with  only  a  small  portion  of  the  indomitable 
patience  displayed  by  Miiller,  could  ascertain  this  fact.  The 
question  possesses  a  considerable  degree  of  theoretical  interest; 
for  if  these  inconspicuous  flowers  are  never  visited  by  insects,  why, 
it  may  be  asked,  do  they  expand,  and  why  is  not  the  pollen 
protected  by  the  petals  remaining  closed,  as  in  the  case  of 
cleistogamic  flowers?  It  would  perhaps  be  possible  to  smear 
such  small  flowers  with  some  viscid  matter,  and  an  examination 
of  the  petals  would  probably  reveal  nocturnal  visits  by  moths  by 
the  presence  of  their  scales ;  but  it  would  be  necessary  to  prove 
that  the  matter  employed  was  not  in  itself  attractive  to  iiisects. 
£L  MiiUer  gives  long  lists  of  the  several  kinds  of  insects  which  he 
has  seen  visiting  various  flowers  in  Germany ;  and  it  would  be 
interesting  to  learn  whether  the  same  insects  and  the  same  pro- 
portional number  of  insects  belonging  to  the  different  orders,  visit 
the  same  plants  in  England  as  in  Germany. 

There  are  many  other  subjects  which  it  is  desirable  that  some 
one  should  investigate,  for  instance,  by  what  steps  heterostylism 
(of  which  an  account  will  be  found  in  the  present  work)  originated  : 
and  with  trimorphic  heterostyled  plants  we  meet  with  a  more 
extraordinary  and  complicated  arrangement  of  the  reproductive 
system  than  can  be  foimd  in  any  other  organic  beings.  In  order 
to  investigate  this  subject  and  several  others,  experiments  in 
fertilisation  would  have  to  be  'tried ;  but  these  are  not  difficult 
and  would  soon  be  found  interesting.  For  instance,  there  are 
some  plants,  the  pistils  and  stamens  of  which  vary  much  in  length, 
and  we  may  suspect  that  we  here  have  the  first  step  towards 
heterostylism ;  but  to  make  this  out,  it  would  be  necessaiy  to  test 
in  many  ways  the  power  of  the  pollen  and  of  the  stigma  in  the 
several  varieties.  There  exist  also  some  few  plants  the  flowers  of 
which  include  two  sets  of  stamens,  differing  in  the  shape  of  the 
anthers  and  in  the  colour  of  the  pollen;  and  at  present  no  one 
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knows  whether  this  difference  hajs  any  functional  signification,  and 
this  is  a  point  which  ought  to  be  determined.  Again,  there  are 
other  plants,  for  instance,  the  common  Rhododendron,  in  which  the 
shorter  stamens  are  more  or  less  rudimentary,  and  it  has  been 
asserted  that  seedlings  raised  from  pollen  taken  from  the  short  and 
from  the  full-sized  stamens  differ  in  appearance ;  and  it  would  be 
of  importance  to  know  whether  they  differ  in  their  fertility  or 
power  of  yielding  seeds.  It  would  also  be  interesting  to  learn 
whether  in  the  plants,  already  alluded  to,  which  produce  two 
forms,  one  adapted  for  self-fertilisation  and  the  other  for  cross- 
fertilisation,  the  reproductive  organs  have  become  in  any  degree 
differentiated,  so  that  their  action  would  not  be  perfect  if  the  two 
forms  were  reciprocally  crossed.  Would  a  flower  adapted  for 
self-fertilisation  yield  a  full  complement  of  seed  if  fertilised  by 
pollen  from  one  adapted  for  cross-fertilisation ;  and  viee-versd  with 
the  other  form  ? 

But  it  would  be  superfluous  to  make  any  further  suggestions. 
These  will  occur  in  abundance  to  any  young  and  ardent  observer 
who  will  study  Miiller  s  work  and  then  observe  for  himself, 
giving  full  play  to  his  imagination,  but  rigidly  checking  it  by 
testing  each  notion  experimentally.  If  he  will  act  in  this  manner, 
he  will,  if  I  may  judge  by  my  own  experience,  receive  so  mucli 
pleasure  from  his  work,  that  he  will  ever  afterwards  feel  grateful 
to  the  author  and  translator  of  the  Be/ruchtung  der  Blumen. 

CHARLES  DARWIN. 

Down,  Fel>rmry  6,  1882. 
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Page   84,  line  9,  from  top,  delete  the  words  "of  Umbellifen." 
„       48,  Fig.  8,  far  "  licus,"  read  "  SicuB." 

„       65,  line    7,  from  top, /or  **  feathery  hairs,"  read  "stiff  bristles. " 
„     149,    ,,     25,     ,,      ,,    for  **  ureus,    read  **  urens" 
„     166,    M     18,     ,,      ,,    for  "iEscolos  Pavia  (rabieonda),"  read  **  JEaevdua 

(Pavia)  rabieonda." 
,,     171,  in  both  tables,  transpose  the  words,  "In  Low  Germany,"  and  **  On  the 

Alps." 
,,     427,  line  26,  from  top, /or  "  Soopolia,"  read  "Scopolina." 
„     487,    „       2,     „      „    /or  "DigJtaUtis,"mk«  "Digitalis." 

Jjabelln  is,  perhaps,  abetter  name  for  the  lobes  at  the  extremity  of  the  proboscis 
in  Diptera,  called  end^flaps  (German  Sndklappen)  or  paraglos9oe  in  Part  II. 
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PART   I. 
HISTORICAL  INTRODUCTION. 

It  was  not  until  tlie  close  of  last  century  that  the  true  purport 
and  significance  of  flowers  began  to  be  perceived.  Christian 
Conrad  Sprengel  seems  to  have  been  the  first  to  view  the  subject 
in  the  light  of  adaptation,  and  to  show  how  all  the  colours,  scents, 
and  singular  forms  of  flowers  have  i^me  useful  purpose.  His 
book  struck  out  a  new  path  in  botanical  science,  and  its  title,  The 
Secret  of  Nature  in  the  Form  and  Fertilisation  of  Flowers  Discovered} 
shows  that  the  author  was  well  aware  of  the  importance  of  his 
discoveries.  Setting  out  with  the  conception  of  a  "  wise  author  of 
nature  who  has  not  created  one  hair  without  a  definite  purpose," 
Sprengel  contrived,  by  reflecting  on  apparently  insignificant  facts, 
to  throw  light  on  most  important  phenomena  in  the  life  of 
flowers.  The  gradual  progress  of  his  discovery,  as  he  describes  it 
in  the  introduction  to  his  book,  is  worth  recapitulating. 

The  inconspicuous  hairs  which  cover  the  lower  part  of  the  petals 
of  the  wood  cranesbill  {Geranium  silvaticum,  L.),and  beneath  which 
drops  of  honey  lie  hid,  led  Sprengel  in  the  year  1787  to  the  dis- 
covery that  most  flowers  which  contain  nectar  are  so  arranged  that, 
while  insects  can  easily  reach  it,  the  rain  is  prevented  from  doing 
so ;  and  he  came  to  the  conclusion  "  that  the  nectar  of  these  flowers 
is  secreted  for  the  sake  of  insects,  and  is  protected  from  rain  in 
order  that  the  insects  may  get  it  pure  and  unspoiled."  Starting 
from  this  conception,  he  next  summer  studied  the  forget-me-not 

'  Das  enldeeiie  Qehcimnifs  der  Kalur  im  Have  und  in  dcr  Brfruchtung  dcr  BUimrn 
dierliu:  1793). 
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{Myosotis  pahistris,  L.),  and  speculated  on  the  meaning  of  the  yellow 
ring  round  the  mouth  of  the  corolla,  which  forms  a  pleasing  con- 
trast to  the  azure-blue  of  the  limb ;  and  he  conceived  the  idea 
that  this  might  serve  to  guide  insects  on  their  way  to  the  honey. 
On  examination  of  other  flowers  he  found  that  coloured  dots  and 
lines  and  other  figures   occur  especially  at  the   entrance  to  the 
nectaries,  or  point  towards  it,  and  he  was  accordingly  confirmed  in 
this  idea  of  path-finders  or  honey-guides.     The  next  step  was  easy, 
and  Sprengel  could  scarcely  remain  long  without  perceiving  that,  as 
the  special  colour  of  one  part  of  the  corolla  serves  to  guide  the 
insect  after  it  has  settled  upon  the  flower,  the  bright  colour  of  the 
whole  flower  serves  to  attract  the  notice  of  insects  while  still  at  a 
distance.     So  far,  Sprengel  had  looked  upon  flowers  as  contrived 
simply  for  the  use  of  insects,  but  the  study  of  some  species  of 
iris,  in  the  summer  of  1789,  led  him  to  the  further  discovery  that 
many  flowers  are  absolutely  incapable  of  being  fertilised  without 
the  aid  of  insects ;  and  so  he  concluded  that  the  secretion  of  honey 
in  flowers,  its  protection  against  rain,  and  the  bright  colours  of  the 
corolla  are  contrivances  of  use  to  the  flower  itself  by  bringing 
about  its  fertilisation  by  insects.     Thus  were  laid  the  foundations 
of  a  theory  of  honey-containing  flowers,  which  Sprengel  enunciates 
in  the  following  propositions :  (1)  These  flowers  are  fertilised  by 
some  one  species  of  insect,  or  by  several  species  ;  (2)  the  insects, 
in  approaching  the  honey,  brush  pollen  from  the   anthers  with 
various  hairy  parts  of  their  bodies  and  convey  it  to  the  stigma.    The 
application  of  this  theory  to  the  various  plants  that  came  within 
Sprengel's  reach  led  to  the  production  of  the  above-mentioned 
book,  which  is  marked  throughout  by  a  wealth  of  patient  observa- 
tion and  acute  reasoning.      In  it  the  following  five  features  are 
described  in  several  hundred  species  of  flowers,  partly  native  and 
partly  cultivated,  as  proof  of  the  correctness  of  the  theory  : — 

(1)  A  honey-gland  or  nectary y  i.e,  a  part  which  elaborates  and 
secretes  honey;  (2)  a  honey-receptacU,  which  receives  and  stores 
the  honey  secreted  by  the  gland;  (3)  a  contrivance  to  shelter 
the  honey  from  rain  {Saftdecke);  (4)  contrivances  to  enable  the 
insect  to  find  the  honey  easily  (Sa/tmal) ;  bright  colour  and  ex- 
tension of  the  corolla,  odour,  and  above  all  coloured  spots  near 
the  entrance  to  the  honey-receptacles  (path-finders);  (5)  the 
impossibility  of  mechanical  fertilisation,  i,e,  spontaneous  self-fer- 
tilisation, or  of  fertilisation  by  the  wind,  and  in  many  cases  the 
direct  observation  of  fertilisation  by  insects  in  nature.  Sprengel 
discussed  these  five  points  in  numerous  honey-secreting  flowers. 
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and  succeeded  in  explaining  most  of  their  characters  as  contrivances 
for  insect-fertilisation.  His  theory,  although  the  firet  effort  in  this 
wide  field,  would  have  afforded  a  satisfactory  key  to  the  chief 
puzzles  of  the  floral  world  had  it  not  contained  a  very  serious  flaw, 
which  Sprengel  was  not  conscious  of,  and  was  therefore  not  in  a 
position  to  remove.  Since  the  conveyance  of  pollen  to  the  stigma 
is  obviously  of  no  benefit  to  the  insect,  the  same  question  should 
have  arisen  even  from  SprengeFs  teleological  standpoint,  which 
nowadays  comes  up  prominently  when  we  consider  his  hypothesis 
from  the  standpoint  of  natural  selection :  "  What  advantage  can  it 
be  to  the  plant  that  its  pollen  should  be  conveyed  by  insects  to 
the  stigma  ? "  For  just  as  according  to  our  modem  views  only 
modifications  which  are  of  advantage  to  their  possessor  can  be  pre- 
served by  natural  selection,  so  from  the  teleological  standpoint 
only  beneficial  arrangements  could  be  ascribed  to  the  all-wise 
Creator.  If  the  conveyance  of  pollen  to  the  stigma  by  insects  is 
of  no  greater  advantage  than  the  direct  contact  of  the  reproductive 
organs  in  the  flower,  then  the  preference  of  the  former  uncertain 
method  to  the  latter  seems  unnecessary  and  capricious,  and  any 
theory  based  thereon  falls  to  the  ground. 

It  is  remarkable  in  how  many  cases  Sprengel  recognised  that 
the  pollen  is  carried  of  necessity  to  the  stigmas  of  other  flowers  by 
the  insect-visitors,  without  suspecting  that  therein  lies  the  value  of 
insect-visits  to  the  plant.  In  very  many  plants  Sprengel  had 
observed  that  the  two  sets  of  sexual  organs  in  the  same  flower  are 
not  developed  simultaneously ;  to  this  phenomenon  he  gave  the 
name  dichogamy.  In  his  introduction  (p.  43)  he  says  expressly  : 
"  Since  very  many  flowers  are  of  one  sex  only,  and  probably  as 
many  more  are  dichogamous,  nature  seems  to  intend  that  no  flower 
shall  be  fertilised  by  means  of  its  own  pollen,"  and  as  a  proof  of 
this  he  adduces  an  experiment  performed  by  him  on  Hemerocallis 
ftdva,  which  showed  him  that  this  plant  is  not  fertile  to  its  own 
poUen.  So  near  was  Sprengel  to  the  distinct  recognition  of  the 
fact  that  self-fertilisation  leads  to  worse  results  than  cross-fertilisa- 
tion, and  that  all  the  arrangements  which  favour  insect-visits  are 
of  value  to  the  plant  itself,  simply  because  the  insect- visitors  effect 
cross-fertilisation ! 

But  this  omission  was  for  several  generations  fatal  to  Sprengel's 
work,  which  was  otherwise  well  fitted  to  give  a  powerful  impulse 
to  further  research.  For,  both  at  the  time  and  subsequently, 
botanists  felt  above  all  the  weakness  of  his  theory,  and  they  set 
aside  along  with  his  defective  ideas  the  rich  store  of  his  patient 
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ami  acute  wbservations  aud  bis  cwiiiprehensive  ami  accuiaUs 
inlerpretatioiis, 

Instead  of  the  correlation  of  living  organisms,  wliicli  Sprengei 
had  made  the  subject  of  observation  and  reSection  with  such 
admirable  results,  classification  aud  afterwards  anatomy  and 
embryology  occupied  investigators  so  exijliisively  that  no  one  ever 
thought  of  continuing  Sprengel'a  beautiful  researches  or  of 
testing  their  accuracy.  Hia  work  remained  forgotten  until  our 
ideas  of  organic  nature  were  fundamentally  changed  by  the  progress 
of  knowledge,  and  until  the  advantages  of  cross- fertilisation,  which 
Sprengei  only  faintly  realised,  were  recognised  anew  and  more 
clearly  through  independent  experiments. 

The  idea  of  independent  creation  of  species,  prevalent  in 
Sprengel's  time  and  so  confidently  stated  in  hia  book,  was  overthrown 
by  progress  in  the  three  departments  of  classification,  embryology, 
and  paleontology ;  all  three  led  consistently  to  the  conception  that 
the  existing  species  of  plants  and  animals  must  have  originated 
from  simpler  forms;  and  Darwin's  Origin  of  Species  proved  the 
point  by  demonstrating  clearly  and  thoroughly  how  actual  forces 
were  operating  before  our  eyes  to  modify  living  forms. 

But,  even  before  this  great  revolution  in  our  conception  of 
nature,  one  point  which  was  needed  to  make  Sprengel's  theory 
efficient  had  been  clearly  perceived.  A  few  years  after  Sprengel's 
book  appeared,  Andrew  Knight  (392),  after  some  experiments  on 
cross-fertilisation  and  self-fertilisation  in  the  pea,  laid  down  the 
law  that  in  no  plant  does  self-fertilisation  occur  for  an  unlimited 
number  of  generations.  But  his  law  received  no  further  atten- 
tion, and  nobody  conceived  the  idea  of  applying  it  iu  connection 
with  Sprengel's  theory,  A  like  fate  overtook  Herbert  (334),  who 
gummed  up  the  result  of  his  numerous  experiments  in  this  seutouce : 
"  I  am  inclined  to  think  that  I  liave  derived  advantage  from  impreg- 
nating the  flower  from  which  I  wished  to  obtain  seed  with  pollen 
from  another  individual  of  the  same  variety,  or  at  least  from 
another  flower,  rather  than  with  its  own  "  (p.  371).  C  F.  Giirtnur 
(259)  was  led  still  more  distinctly  to  the  same  result  by  experiments 
on  Puisijlora,  Lohtliii,  and  Fuchsia.  Even  when  Darwin,  in  1857 
and  1858,  published  some  new  experiments  on  PiipUionartm  (151), 
which  showed  that  the  aid  of  insects  or  artificial  imitation  of  their 
action  was  necessary  for  complete  fertility,  and  that  crossing  of 
separate  plants  was  actually  to  a  great  extent  effected  by  insects,  hia 
re -enunciation  of  Knight's  hvw  remained  inefiTectual,  Tlie  charm 
that  had  kept  Sprengel's  theories  inoperative  was  only  broken  when, 
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in  the  next  year,  Darwin  produced  his  Origin  of  Species^  and  in  it 
emphasised  Knight's  law  as  a  general  law  of  nature,  placing  it  on 
broader  and  surer  foundations  and  uniting  it  intimately  with  his 
theory  of  natural  selection.  This  theory  showed  for  the  first  time 
the  full  value  of  Sprengel's  work,  and  caused  his  book,  which  had 
been  forgotten  for  seventy  years,  to  play  a  prominent  part  in  the 
investigation  of  the  prime  causes  which  determine  the  forms  of 
flowers. 

As  a  foundation  for  the  hypothetic  natural  law  that  "  no  organic 
being  fertilises  itself  for  a  perpetuity  of  generations,  but  that  a 
cross  with  another  individual  is  occasionally — perhaps  at  very  long 
intervals — indispensable,"  ^  Darwin  showed  that  in  all  higher  and 
the  great  majority  of  lower  animals  the  sexes  are  separate,  and 
that  most  hermaphrodite  forms  pair  regularly ;  that,  in  the  experi- 
ence of  breeders  of  animals  and  cultivators  of  plants,  breeding 
in-and-in  diminishes  the  strength  and  the  productiveness  of  the 
ofispring,  while  crossing  with  another  breed,  or  with  another  stock 
of  the  same  breed,  increases  both ;  that,  according  to  the  above- 
mentioned  experiments  of  several  botanists,  the  application  of 
pollen  to  the  pistil  of  the  same  flower  is  less  efficient  than  pollen 
from  another  individual ;  that  in  very  many  plants  the  situation  of 
the  reproductive  organs,  exposed  to  the  weather  and  often  liable  to 
injury,  may  be  most  simply  explained  if  we  admit  the  necessity  of 
occasional  crossing;  that,  according  to  his  own  experiments  on 
Papilio7iac€W,  the  exclusion  of  insect-visits  in  many  cases  diminishes 
or  arrests  productiveness ;  that,  as  Sprengel  had  shown  in  many 
cases  and  Darwin  had  confirmed,  self-fertilisation  is  prevented  in 
many  flowers  by  the  relative  positions  of  the  reproductive  organs 
or  by  their  ripening  at  difierent  times ;  finally,  that  in  no  living 
organism  do  the  structure  or  situation  of  the  reproductive  organs 
prevent  occasional  crossing  with  another  individual  of  the  same 
species.  These  statements,  taken  separately,  were  neither  decisive 
nor  free  from  objection,  but  collectively  they  lent  a  high  degree  of 
probability  to  Darwin's  hypothesis ;  and  so,  from  its  close  connec- 
tion with  the  question  of  the  origin  of  species  and  the  fundamental 
importance  that  it  therefore  had  for  all  botanical  research,  botanists 
could  not  help  at  once  taking  part  for  or  against  it,  according  to 
whether  they  were  impelled  by  the  general  weight  of  evidence  or 
deterred  by  the  gaps  in  the  chain. 

The  opposers  justly   maintained   that  though   in   the   animal 
kingdom  the  possibility  of  occasional  pairing  might  be  admitted  in 
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the  case  of  the  relatively  few  hermaphrodites  which  generally 
fertilise  themselves,  yet  for  the  majority  the  common  notion  that 
the  flowers  are  fertilised  with  their  own  pollen,  either  spontaneously 
or  by  the  aid  of  insects  or  the  wind,  was  as  yet  not  disproved  (cf. 
Treviranus,  742).  They  said  justly  that  the  observations  quoted  to 
prove  the  disadvantages  of  breeding  in-an<I-in  or  of  fertilising  a 
flower  with  its  own  pollen  were  quite  insufficient,  and  they  called 
for  more  extended  experiments.  Finally,  they  pointed  to  the  not 
rare  occurrence  of  flowers  which  inevitably  fertilise  themselves, 
which  even  remain  closed,  and  yet  which  are  fully  productive,  as  a 
difiiculty  in  the  way  of  Darwin's  hypothesis  not  yet  removed.  From 
the  nature  of  the  case,  complete  proof  seems  impossible,  either  for  or 
against  this  law,  for  neither,  if  it  is  tnie,  can  the  necessity  of 
occasional  crossing  be  shown  for  all  bi-sexual  plants  and  animals; 
nor,  if  it  is  false,  can  any  hermaphrodite  which  as  a  rule  fertilises 
itself  be  kept  under  observation  for  an  unlimited  number  of 
generations.  But,  since  the  facts  which  come  within  the  scope  of 
this  law  and  by  which  its  validity  may  he  subjected  to  detailed 
proof  are  inexhaustibly  numeroiis,  continued  research  will  either 
bring  the  probability  of  the  law  to  the  verge  of  certainty  or  make 
its  improbability  continually  more  conspicuous.  And  so  the 
Knight-Darwin  law  was  admirably  fitted  to  lead  to  numerous 
investigations  of  phenomena  hitherto  left  unobserved,  and  so  to  be 
highly  valuable  in  furthering  our  knowledge,  even  if  in  the  end  its 
truth  could  not  be  universally  and  absolutely  affirmed. 

Darwin  opened  these  new  hnes  of  investigation  wilh  his  own 
incomparable  researches.  A  few  years  after  the  publication  of  his 
Origin  of  Species,  he  showed  by  his  wonderful  book  on  orchids 
that  he  had  by  no  means  affirmed  the  general  truth  of  Knight's 
law  without  having  engaged  in  special  researches  himself.  For  he 
showed  in  this  work  that  in  almost  all  British  orchids,  and  in  all 
the  foreign  siiecies  within  his  reach,  the  flowers  were  adapted  down 
to  the  most  minute  details  for  insect- visits,  in  such  a  way  that 
insect-visitors  could  not  fail  to  carry  the  pollen  to  the  stigmas 
of  other  flowers.  Only  a  few  species  in  which  self-fertilisation 
regularly  took  place  formed  an  exception,  as  yet  unexplained, 
to  this  general  law ;  but  since  even  in  these  cases  the  possibility 
of  occasional  crossing  was  not  excluded,  they  formed  no  valid 
argument  against  the  Knight-Darwin  law, 

Tliis  work,  freed  from  the  fundamental  flaw  of  Sprengel's 
theory  and  permeated  by  Darwin's  acute  reasoning  and  observation, 
was  a  model  for  the  study  of  the  forms  of  flowers,  and  it  gave 
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a  powerful  impetus  to  further  research  based  upon  Sprengel's 
work.  Even  Treviranus's  well-founded  objection  that  in  most 
orchids,  even  our  native  species,  the  operation  of  insect-visitors  was 
only  concluded  indirectly  from  the  structure  of  the  flowers  and 
had  not  been  directly  observed,  could  not  hinder  this  result  of 
Darwin's  book ;  on  the  contrary,  it  could  only  direct  more  general 
attention  to  the  insects  that  actually  performed  the  work  of 
fertilisation.  A  paper  published  seven  years  later  by  Darwin  (159), 
enumerating  the  insects  observed  to  visit  a  large  number  of  native 
orchids,  shows  to  how  great  an  extent  attention  had  been  attracted 
to  this  point. 

Another  line  of  investigation  which  Darwin  initiated  in  the 
same  masterly  way,  was'  the  direct  observation  of  differences 
between  the  action  of  pollen  from  the  same  and  from  another 
flower.  It  has  been  already  mentioned  that  Sprengel  instituted 
experiments  on  self-fertilisation  in  the  case  of  Hemerocallis 
fulva,  and  that  he  recognised  that  the  flowers  of  this  plant  were 
not  fertile  to  their  own  pollen,  and  other  instances  of  the  same 
kind,  or  at  least  of  diminished  fertility  upon  self-fertilisation, 
had  been  accumulated  by  other  botanists  as  has  been  already 
explained.  Darwin  collected  these  scattered  facts  and  brought 
them  under  Knight's  law  which  for  the  first  time  revealed  their 
full  significance,  and  at  the  same  time  he  initiated  a  new  method  of 
research  which  placed  the  produce  resulting  from  self-fertilisation 
alongside  of  the  produce  of  cross-fertilisation  in  the  struggle  for 
existence,  and  so  permitted  the  result  of  persistent  self-fertilisation 
to  be  ascertained  under  natural  conditions.  In  numerous  plants 
which  were  found  to  be  fertile  with  their  own  pollen,  he  fertilised 
some  flowers  with  their  own  pollen  and  other  flowers  on  the  same 
plant  with  poUen  from  a  neighbouring  plant  growing  under  the 
same  conditions,  excluding  insects  with  great  precautions;  he 
allowed  the  resulting  seeds  to  germinate  on  damp  sand  in  the  same 
vessel,  and  then  planted  them  in  pairs  on  opposite  sides  of  the 
same  pot ;  then,  while  all  conceivable  precautions  were  taken  to 
keep  both  sides  under  the  same  conditions,  he  watched  the  growth 
of  the  plants  to  maturity.  The  same  experiment  was  repeated 
with  the  seeds  produced  by  these,  and  was  continued  from 
generation  to  generation. 

In  several  ciises  (Tpomcca  purpurea,  Mimulus  lutcus),  the  plants 
resulting  from  cross-fertilisation  showed  even  in  the  first  generation 
a  marked  superiority  over  the  others;  they  were  larger  in  the 
proportion   of  four  to  three  or  even  three  to  two,  they  flowered 
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earlier,  and  they  produced  more  capsules.  In  otlier  cases  such 
Huperiority  waa  less  marked  or  was  imperceptible,  but  in  no  single 
case  was  the  advant^e  shown  upon  the  other  side. 

So  these  researches  also  gave  results  on  the  whole  favourable  to 
Knight's  law  ;  but  probability  bordering  on  certainty  could  oidy  be 
attained  when  researches  of  this  kind  were  undertaken  on  the 
largest  scale  and  carried  on  through  many  generations.  As  far  as 
lay  within  one  man's  power  Darwin  had  fulfilled  this  condition, 
for  he  had  prosecuted  the  above-mentioned  research  for  eleven 
years.  The  number  of  individual  plants  produced  by  crossing  and 
also  of  those  produced  by  self-fertilisation  which  he  watched  from 
germination  to  maturity  reached  more  than  a  thousand  ;  they  be- 
longed to  fifty-seven  species,  fifty-two  genera,  thirty  large  families, 
and  included  natives  of  the  most  various  countries.  The  result  of 
this  whole  re.search  may  be  summed  up  in  the  single  sentence : 
"  Whenever  plants  which  are  the  offspring  of  self-fertilisation  are 
opposed  in  the  struggle  for  existence  to  the  offspring  of  cross- 
fertilisation,  the  latter  have  the  advantage;"  whence  it  U  clear 
that  all  peculiarities  which  aid  cross- fertilisation  will  be  retained 
anil  perfected  by  natural  selection.  But  if  the  direct  rivalry  does 
not  occur,  self- fertilisation  may  suffice  for  the  propagation  of  the 
oi^nuism  for  an  unlimited  number  of  generations,  producing  healthy 
and  fertile  offspring, 

A  thin!  line  of  research  prosecuted  by  Darwin  with  tlie  same 
success,  namely  the  experimental  study  of  dimorphic  and  trimorphic 
plants,  took  away  the  last  shadow  of  foundation  from  the  old 
belief  that  species  differ  radically  from  varieties,  and  threw  some 
light  upon  the  obscure  question  of  hybridisation.  Sprengel  had 
remarked,  in  discussing  Hottonia  pnhintrU  (p,  103):  "Some 
plants  bear  only  Sowers  whose  anthers  are  included  within  the  tube 
but  whose  style  is  essertcd,  and  others  bear  only  flowers  whose 
style  is  shorter  and  whose  stamens  arc  longer  than  the  tube  of  the 
corolla.  I  believe  that  this  is  not  accidental  but  that  it  is  a 
disposition  of  nature,  though  I  am  not  able  to  suggest  it.s  purpose." 
Subsequently  this  peculiar  phenomenon  of  long-styled  and  short- 
Btyled  plants  was  recognised  in  several  other  species,  and  in 
Lythrtim  salicai'ia  three  forms  were  found,  long-styled,  mid-styled, 
and  short-styled,  without  any  further  use  being  made  of  the  facts. 
Darwin  subjected  ihe  peculiar  sexual  relations  of  these  plants, 
which  he  called  dimorphic  and  trimorphic,  to  a  closer  considera- 
tion ;  he  also  perfonned  numerous  experiments,  crossing  the  plants 
in  various  ways,  and  cultivating  the  produce  of  the  various  unions. 
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The  final  result  of  these  reseorcbea,  which  were  marked  by  all 
his  usual  care  and  patience,  may  be  summed  up  in  the  following 


In  dimorphic  heterostyled  plants  (species  of  Frimula,  Put- 
monaria,  Linum,  etc.)  two  forms  exist,  in  fairly  equal  numbers 
and  growing  for  the  most  part  near  together ;  while  in  other 
respects  completely  or  almost  completely  alike,  they  differ  from 
one  another  in  this  particular,  that  in  the  flowers  of  the  one 
form  the  anthers  stand  distinctly  above  the  stigma,  while  in  the 
other  form  the  positions  are  reversed ;  further,  that  in  each  form 
the  anthers  stand  at  the  same  level  as  the  stigma  in  the  other ; 
and  finally,  that  in  the  long-styled  form  the  stigma  is  rough  and 


1^10.  PHim^a  tUllet.  1—5,  Inng-Milrd  flower:  4— to.  thort-ttjle-l  fluwer  ;  1.  7.  pnttm-gnlni, 
Atj  :  t,  8,  ditlo.  nokt ;  1.  B.  >titn>i> ;  S.  10.  ■tiairatlc  piplllie. 

U— IB,  Pwltummim  affirijulit.  II,  loue->t;lnl  Bower  ID  wtton  :  12,  pollni-inilni  of  iKlln.  drT; 
13,  dltlo,  moln ;  It.  ■hori.itTlid  flower:  1&.  pDllen-grslni  or  dlth>,  ilcr :  10.  illtU).  nutiit ;  IT,  18, 
(UgDis  and  Migiutk  iHpillB  eonnMn  to  both  ronri. 

furnished  with  long  papillie  and  the  poI!en-grains  are  small,  while 
in  the  short-styled  form  the  stigmatic  papillse  are  short  and 
close-set  and  the  stigma  seems  smooth  and  the  pollen-gmins  are 
larger.  In  trimorphic  heterostyled  plants  [Lythriivi  stilicaria)  there 
exist  three  forms,  one  with  long-styled,  one  with  mid-styletl,  and 
one  with  short-styled  flowers  ;  and  in  each  form  there  are  two 
whorls  of  stamens  whose  anthers  stand  respectively  at  the  same 
height  as  the  stigmas  in  the  other  two  forms ;  the  tallest  stamens 
produce  the  largest  pollen-grains,  and  the  shortest  produce  the 
sniflll<>)it. 
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Insects  which  visit  the  different  kinds  of  flowers  by  turns  in  the 
same  way,  must,  Bince  the  same  parts  of  tbeir  bodies  always  touch 
organs  at  the  same  height  in  the  flower,  effect  cross- fertilisation 
both  in  dimorphic  and  trimorphic  plants  in  such  a  way  that 
the  stigma  in  one  form  of  flower  always  receives  pollen  from 
anthers  which  stand  at  the  same  height  in  another  form.  Sucli 
crossing,  which  is  the  mode  commonly  occurring  in  nature  and  in 
which  the  size  of  the  pollen-grain  ia  always  proportional  to  the 
length  of  the  style  that  its  tube  hiw  to  traverse,  was  called  by 
Darwin  hgithnate.  In  dimorphic  het«rostyled  plants  there  are 
thus  two  ways  in  which  legitimate  fertilisation  is  possible,  both 
occurring  regularly  in  nature,  viz.,  the  fertilisation  of  long-styled 
flowers  with  the  pollen  of  short-styled,  and  vke  versd  ;  similarly 
there  are  in  such  cases  two  kinds  of  illegitimate  fertilisation,  viz., 
long-styled  flowers  with  the  pollen  of  long-styled,  and  short-styled 
with  the  pollen  of  short-styled.  In  trimorphic  heterostyled 
plants,  on  the  other  hand,  six  modes  of  legitimate  cross-fertilisa- 
tion are  possible  and  occur  regularly  in  nature ;  and  there  are 
twelve  modes  of  illegitimate  crossing,  since  each  of  the  three 
kinds  of  stigraas  ia  illegitimately  fertilised  if  it  receives  pollen 
from  either  whorl  of  stamens  in  a  flower  of  its  own  form  or  fi-om 
one  whorl  of  stamens  in  each  of  the  other  two.  Now  Darwin 
found,  when  he  tried  all  the  four  modes  of  crossing  in  the 
dimorphic  plants  and  all  the  eighteen  modes  in  the  trimorphic 
plants,  and  sowed  the  seeds  from  the  resulting  capsules  ami 
again  crossed  the  offspring  in  various  ways,  that  only  the  "  legiti- 
mate" crossings  resulted  in  full  fertility,  and  produced  noruqal 
and  fully  fertile  offspring;  while,  on  the  other  hand,  illegitimate 
crossings  led  to  all  degrees  of  diminished  fertility  or  even 
complete  barrenne.ss,  and  produced  offspring  which  had  all  the 
characters  of  bastards  produced  by  the  union  of  distinct  species. 

The  result  of  these  investigations  was  particularly  favourable  to 
Knight's  law,  since  it  proved  that  in  heterostyled  plants  not  only 
the  occasional  crossing  of  separate  flowers,  but  the  regular  crossing 
of  separate  individuals  was  absolutely  essential  fur  the  maintenance 
of  the  species  At  the  same  time  it  broke  <lown  the  sharp 
boundary-line  between  Species  and  Variety  which  had  formerly 
been  supposed  to  be  found  in  the  more  or  less  complete  sterility  of 
hybrids  produced  by  crossing  distinct  species ;  and  it  showed,  more- 
over, by  the  complete  resemblance  between  the  offspring  of 
illegitimatfi  unions  in  dimorphic  and  trimorphic  plants  and  the 
bastard  offspring  of  distinct  species,  that  in  the  latter  st«rility  both 
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at  first  and  in  the  bastard  offspring  is  not  due  to  differences  in  the 
general  structure,  but  exclusively  to  a  difference  in  the  action 
of  the  reproductive  elements. 

Attracted  by  Darwin's  brilliant  researches  on  heterostyled  plants 
(1861-1868),  many  other  investigators  have  since  worked  at  the 
same  subject.  Darwin  has  collected  their  results,  controlling  them 
by  his  own  observations  and  experiments  and  incorporating  them 
with  the  results  of  his  later  investigations.  His  book  contains  all 
that  we  certainly  know  as  yet  concerning  heterostyly,  and  treats  also 
as  comprehensively  of  polygamous,  dioecious,  and  cleistogamic 
plants.  It  restricts  the  name  polygarrKms  to  plants  which  possess 
male,  female,  and  hermaphrodite  flowers,  and  introduces  the  fol- 
lowing new  terms :  ffynodicecious,  for  plants  which  have  hermaphro- 
dite and  also  purely  female  individuals ;  androduecious,  for  plants 
which  consist  of  hermaphrodite  and  purely  male  individuals ;  gyno- 
manoBcious,  for  plants  which  have  hermaphrodite  and  purely  female 
flowers  upon  the  same  individual ;  andromonoedous,  for  plants  in 
which  one  individual  bears  hermaphrodite  and  male  flowers. 

The  most  complete  collection  of  all  the  known  facts  which 
contribute  to  prove  Knight*s  law  is  given  by  Darwin  in  his  work 
on  the  Variation  of  Animuls  and  Plants  under  Domesticaiionf  in 
which  he  suggests  many  new  and  fruitful  lines  of  research ;  but 
the  three  methods  of  investigation  which  Darwin  originally  used 
have  been  the  chief  aids  in  investigating  the  determining  con- 
ditions of  the  forms  of  flowers.  Numerous  observers,  among  whom 
Friedrich  Hildebrand,  Federico  Delpino,my  brother  Fritz  Muller,and 
Severin  Axell  deserve  special  mention,  have  pushed  forward  along 
these  new  paths  that  Darwin  opened ;  they  have  not  only  brought  to 
light  a  mass  of  new  facts,  all  tending  to  elucidate  floral  mechanisms 
on  the  basis  of  the  Knight-Darwin  law,  but  they  have  also  disclosed 
many  new  general  principles.    These  we  may  briefly  review. 

Hildebrand,  in  several  laborious  works,  demonstrated  that  many 
floral  contrivances  which  Sprengel  had  investigated,  but  had 
explained  on  the  theory  of  self-fertilisation,  were  really  adapted 
for  regular  cross-fertilisation ;  and  he  explained  on  the  same 
principle,  and  in  most  cases  figured,  many  forms  that  Sprengel  had 
not  examined.  He  extended  the  list  of  dimorphic  and  trimorphic 
plants,  and  applied  Darwin's  experiments  to  Primula  sinensis^ 
JPulmonaria  officinalis,  and  several  species  of  Oxalis;  he  also 
performed  artificial  self-fertilisation  on  these  forms,  and  found  that 
it  led  in  general  to  even  greater  sterility  than  the  illegitimate 
crossings.     By  his  experiments  on  Coi^dalis  cava,  he  showed  that 
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self-fertilisation,  which  occurs  spontaneously  in  all  flowers  of  this 
plant,  is  completely  inoperative,  that  even  crossing  of  different 
flowers  on  the  same  individual  gives  a  very  poor  yield,  and  that 
only  the  crossing  of  separate  plants  results  in  full  produc- 
tiveness. A  powerful  objection  to  the  Knight-Darwin  law 
was  removed  by  this  discovery.  Finally,  in  his  GescMechter- 
VertheUung  hex  den  PJlanzfin'' (1S67),  he  has  striven  to  show  that 
throughout  Phanerogams  cross-fertilisation  of  separate  individuals 
either  takes  place  in  all  cases,  or  does  so  for  the  most  part,  or  is  at 
least  possible;  and  he  has  given  the  following  classification  of 
phanerogamic  flowers  according  to  the  completeness  with  which 
they  exclude  self-fertilisation  :  — 

A.  Male  and  female  organs  in  different  flowers  {(firlinhm). 

Cross-fertilisation  ensured,  and  effected  by  insects  orhv  the 
wind.     Ex.  Cannabis. 

B.  Male  and  female  organs  in  one  and  the  same  flower  {monoclinism). 

1,  The  organs  of  the  two  sexes  not  developed  simultaneously  {(fichogamy). 
{a)  The  male  before  the  female.^     Ex.  Geranium  pratentte, 

{h)  The  female  before  the  male.'     Ex.  Luzula  pilosa. 

Self  fertilisation  usually  prevented,  and  cross- fertilisation 
effected  by  insects. 

2.  Tlie  organs  of  both  sexes  developed  simultaneously  {homogar/n/). 
{(i)  Flowers  expanding  (flores  chasmagamiy  Axell). 

1.  Anthers  distant  from  the  stigma. 
a.  Styles   of  different   lengths  on  different  plants  of    the  same 
species    (lleterostyly,    Hild.  ;    dimorphism  and    trimorphwny 
Darwin). 

Self-fertilisatirm  not  altogether  prevent<?d,  but  either  quite 
inoperative  (Pulmonaria  officxnalifi)  or  yielding  little 
result  {Primula  /tinensis), 
3.  Styles  of  the  same  length  in  all  the  flowers  (Homo^tyly). 
*  R4»productive  orgims  changing  their  relative  positions  during 
the  flowering  peri(Kl. 

Self-fertilisation   avoided,   cross   fertilisation  effected  by 
insects.     Ex.  Anoda  hastata. 
**  Reproductive   organs  remain   unchanged   in  jwsition  during 
the  flowering  peri<Kl. 
f  The  aid  of  insects  necessary  for  fertilisation. 

Self-fertilisati(m  to  a  great  extent  impossilde,  and  cross- 
fertilisation  necessary.  Ex.  Orchidarefe,  Self-fertilisation 


*  Sprengel  calls  this  species  of  dichogamy,  mah-femahf  or  dichogtimia  androgyna  ; 
Ilildebrand,  prolandroux  ;  Dolpino,  proterandroun. 

'  Sprengel  calls  this  species  of  dichogamy,  femah-maU,  or  dichcgamia  gynandra  : 
Hildebrand,  protogynmts ;  Delpino,  proUrogynous.  Delpioo  distinguishes  two 
varieties,  viz.,  proterogynia  brachybiostigmntien,  where  the  stigmas  are  short-lived 
and  wither  before  the  anthers  ripen;  and  proterogynia  maeroinostigmalica,  where 
the  stigmas  remain  cabbie  of  fecundation  until  the  anthers  are  mature,  and  where 
consequently  self- fertilisation  remains  possible. 


PART  I.]  HISTOKICAL  INTRODUCTION.  13 

to  a  certain  extent  possible,  but  not  necessary  ;  cross- 
fertilisation  more  probable.     £x.  Asclepiadeoi. 
ft  The  aid  of  insects  not  essential. 

Self- fertilisation  possible,  but  cross- fertilisation  also  eflfected 
by  insects. 
II.  Anthers  lying  close  to  the  stigma  ;  self-fertilisation  inevitable. 
*  No  seed  produced  without  cross  fertilisation,  which  is  effected 
by  insects.     Ex.  Corydalis  cava. 
♦*  Seed  is  produce<l  on  self- fertilisation,  but  cross  fertilisation  by 
insects  is  not  excluded. 
(6)  The  flowers  never  expand  (florea  cleistogami^  Kuhn). 

Only  self- fertilisation  occurs,  and  all  cross*  fertilisation  is 
excluded  ;  but  the  plants  have  other  flowers  which  open 
and  are  liable  to  cross- fertilisation.  Ex.  Ojoalis  acetosella. 

Although  the  statements  contained  liere  with  reference  to  the 
possibility  of  cross-  or  self-fertilisation  have  turned  out  not  to  be 
universally  correct,  and  although  the  divisions  merge  into  one 
another  by  many  intermediate  forms,  as  Hildebrand  himself 
allowed,  yet  Hildebrand's  scheme  is  very  well  adapted  to  serve 
as  an  artificial  classification  for  the  consideration  of  individual 
cases. 

Delpino  described  the  structure  of  very  many  flowers  belonging 
to  the  most  distant  orders,  showing  them  all  to  be  adapted  for 
cross-fertilisation.  His  descriptions  are  so  clear  and  minute  that 
he  dispenses  to  a  large  extent  with  illustrations.  In  many  cases 
he  has  directly  observed  the  fertilising  agents,  and  he  states  at 
least  the  families  or  genera  to  which  they  belong.  He  has  shown 
that  water  as  well  as  wind,  and  snails  and  honey-sucking  birds  as 
well  as  insects,  play  a  part  in  the  conveyance  of  pollen.  He  has 
shown  in  the  most  diverse  instances  how  the  form  of  the  flower  is 
determined  by  the  special  fertilising  agent,  and  in  several  families 
(^Marcgraviacece,  Marantacece,  ArtemisicLcece,  &c.)  he  has  made  happy 
use  of  the  gradual  stages  in  adaptation  to  special  fertilising  agents 
in  order  to  trace  the  mutual  genetic  relations  of  the  members  of 
the  family.  He  has  also  shown  strong  evidence  that  in  many  cases 
the  distributional  area  of  a  species  is  determined  in  the  first 
instance  by  the  presence  of  that  animal  which  the  flower  has 
become  adapted  to  be  cross- fertilised  by.  And  finally,  choosing  the 
various  means  of  transport  for  the  pollen  as  his  basis  of  classifica- 
tion, and  taking  advantage  ingeniously  of  the  almost  complete  want 
of  direct  observations  on  the  cross-fertilisation  of  Cryptogams,  he 
evolved  the  following  scheme  of  the  whole  vegetable  kingdom,  in 
all  of  whose  members  he  also  is  of  opinion  that  cross-fertilisation 
is  either  certain,  or  probable,  or  at  least  possible. 
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I.  Plants  with  Motile  Reproductive  Elements 

Fucaceae,  Characeaj,  ProtonemeBe  (Mosses  and  Liverworts),  and 
Proembryonatffi  {Ferns,  Horse-tails,  Rbizocai-ps,  and  Club-moBsea), 
whose  antherozooids,  correaponiling  to  the  spermatozooida  of 
animals,  are  endowed  with  spontaneous  movement.  Nearly  allied 
to  these  are  the  Diatoms  and  Conjugatfe,  in  which  the  whole 
individual  is  motile, 

n.  Plants  which  require  External  Aid  to  bring  their 
Reproductive  Elements  together  (Diameso^ama;]. 

A.  Plants  fertilised  by  the  agency  of  wat*r  (hydrophilcB). 

B.  Phmts  fertilised  by  the  wind  {(inemopkilte). 

C  Plants  fertilised  by  the  aid  of  small  animals  (zoidiopMla:). 

A.  Plants  Fertilised  by  the  Agency  of  Water. 
Delpiuo  subilivides  this  class  into  two  : — 

1,  Plants  adapted  for  fertilisation  under  water.  Theae  require 
for  cross- fertilisation  that  the  atigma  or  the  pollen -grains,  or  both, 
should  be  thin  and  filiform,  and  that  the  pollen  .should  be  abundant 
and  of  like  specific  gravity  to  the  water  {Posidonia,  Cyvwdoeea, 
Zostcra,  Ceratophyllum,  Florideir), 

2,  Plants  adapted  for  fertilisation  at  the  surface  of  the  water. 
In  these  the  pollen  is  specifically  lighter  than  water,  or  is  borne 
upon  a  floating  raft ;  the  pedunclea  of  the  female  flowera  elongate, 
sometimes  aided  by  their  spiral  form,  to  bring  the  flowers  to  the 
surface  of  the  water  {Rujfpia,  Vallimcria). 

B.  Plants  Fertilised  fay  the  Wind. 
The  only  positive  character  common  to  these  is  their  smooth 
and   easily  scattered  pidleii ;  the  negative  characters  common  to 
them  are  absence  of  bright-coloured  floral  envelo)>es,  of  perfume, 
and  of  honey. 

1.  The  fiymnospcrms  are  alt  wind -fertilised,  and  are  charac- 
terised by  the  absence  of  a  atigma. 

2.  The  anemophilouB  Angiosjierms  have  for  the  most  part 
enormously  developed  stigmas,  which  project  in  the  form  of  long 
tails,  brnshes,  laminse,  or  discs;  their  male  flowers  are  very  seldom 
immovable,  but  are  generally  easily  shaken  by  the  wind,  either  the 
axis  of  ibe  male  iuflorescencv,  or  tlie  peduncles  of  the  male  flowers. 
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or  the  filaments  themselves,  being  long  and  pendulous ;  in  some 
cases  the  stamens  are  explosive,  and  project  all  the  pollen  into  the 
air.  The  following  five  varieties  may  be  distinguished  among 
anemophilous  Angiosperms : — 

(a)  Forms  with  catkins,  in  which  the  axis  of  the  male 
inflorescence  is  movable.     Ex.   Uorylm,  Betula, 

{h)  Forms  with  pendulous  flowers.  Ex.  Negundo  fraxinifolium, 
Rumex. 

(e)  Forms  with  long  stamens.  This  is  the  most  common  variety, 
including  almost  all  Chraminecc,  Cyjperacece,  JurvcacoB^  Cannabis^ 
HumtUiiSj  £mpetrum,  Mercurialis,  Bicimts^  Plantdgo,  Zittorella, 
CallUriche,  Myriophyllum,  ffippuris,  the  anemophilous  species  of 
Thalidrum,  &c. 

(d)  Explosive  forms.     Ex.  Urtica,  Partetaria,  M(yi*us. 

(e)  Forms  with  immovable  flowers.  Ex.  many  Palms,  Potamo- 
geton,  Triglochin,  Sparganium,  Typha. 

C.  Plants  Fertilised  by  Animals. 

These  usually  possess  bright  colours  or  perfumes,  and  supply 
food  to  their  fertilisers.  The  following  classification  has  been 
supplied  to  me  by  Delpino,  by  letter  : — 

I.  ORNlTHOPHiLiE. — These  plants  are  adapted  for  fertilisation 
by  birds,  which  come  in  search  either  of  honey  or  of  small  insects 
(TrochilidcB,  Nectarinia,  etc.).  They  present  several  different  types. 
What  is  known  concerning  them  is  founded  chiefly  on  the  reports 
of  travellers  who  were  ignorant-  of  the  principles  that  should  guide 
their  investigation.  Many  of  them  possess  large  brilliantly-coloured 
flowers,  very  frequently  scarlet,  pouched  in  form,  upright  in  position, 
and  secreting  great  abundance  of  honey. 

II.  ENTOMOPHiLiE. — Plants  whose  flowers  are  adapted  for 
fertilisation  by  insects.  To  this  group  belong  all  our  native  flowers 
which  possess  perfume  or  bright  colours. 

III.  Malacophil^. — Plants  whose  flowers  are  adapted  for 
fertilisation  by  snails.  (These  have  as  yet  been  observed  by 
Delpino  only.)  The  flowers  are  crowded  so  closely  together,  that 
the  snails  in  creeping  over  them  must  come  in  contact  both  with 
pollen  and  stigmas.  The  plants  are  protected  from  the  ravages  of 
their  voracious  guests,  either  by  secreting  an  acrid  fluid  which  kills 
the  snails  (Alocasia  odora),  or  by  metamorphosis  of  the  perianth 
into  a  thick  fleshy  tissue,  with  whose  destruction  the  snails  are 
content  {Rhodea  japonica). 
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In  fuilhtT  subdividing  e atom ophi lows  plants,  Delpiuo  oiuita  nil 
tliuse  plants  which  can  be  fertilised  equally  well  by  insects  of  variuuH 
oitlers,  and  limits  bimself  to  forms  which  he  considers  to  be  adapted 
for  particular  insecte.     As  such  he  distini^ishes : — 

1.  MeliitophUte  i  plants  adapted  for  fertilisation  by  (the  lai^r) 
bees.  These  have  diurnal  flowors,  with  colours  and  scents  attractive 
to  man  also,  partly  with  concealed  honey  {Saleia  pi-aictms),  partly 
devoid  of  honey,  and  in  that  case  with  the  pollen  inclusctl  within 
the  flower  and  only  becoming  apparent  on  special  treatment 
{GenUta  tiiictoria). 

2.  MicrojnelittophUa: ;  ])lants  adapted  for  fertilisation  by  the 
smaller  bees  (and  very  many  other  small  insects).  These  flowers 
possess  quite  incomprehensible  attractions  for  their  visitors,  far 
more  than  in  any  other  plants  (fferiiiinmm  Moiwrchis). 

3.  Myiopkilir. ;  plants  adapted  for  fertilisation  by  various 
Diptera.  Their  flowers  present  for  the  must  part  dull  (yellowish, 
wine-red,  speckled)  colours,  their  odour  is  for  the  most  part  disagree- 
able both  to  man  and  to  bees,  and  they  display  either  an  exposed 
surface  of  honey  or  else  pollen  only  for  their  visitors  (Ktuniymus). 

4.  Micrtrrnyio-phil-a: ;  plants  adapted  for  fertilisation  by  minute 
Diptera.  The  flower  or  the  inflorescence  forms  a  chamber  with 
a  narrow  eutniuce,  often  a  temporary  prison  for  the  fertilising 
agents;  honeyiaproducedasa  thin  adhesive  layer,  or  may  be  absent, 
in  which  case  the  pollen  is  abundant  {AnetolorAia  CkmaiUis,  Aruvt). 

5.  Sapromifiophiltt ;  plants  adapted  for  fertilisation  by  carrion- 
flies  and  dung-flies.  The  flowers  have  a  putrid  smell,  but  the 
other  characters  of  the  group  resemble  those  of  the  Myiophilit 
(Slaptlia,  Haffiesia). 

6.  Cantkari/pkiicK  ;  plants  adapted  for  fertilisation  by  beetles. 
These  are  large  diurnal  flowers  of  striking  colours,  affording  con- 
venient shelter,  and  containing  an  exceedingly  large  supply  of 
pollen  besides  occasionally  siime  easily  accessible  honey  {Magtwlia). 

7.  Psi/eJtopliUw  :  plants  adapted  for  fertilisation  by  diuiual 
Lepidoptera.  These  have  brightly-coloured  diurnal  flowers,  whose 
honey  is  concealed  at  the  l>ase  of  a  very  narrow  tube  (Dianthus). 

8.  Sphmg<^ihil(e ;  plants  adapted  for  fertilisation  by  Hawk-moths 
(Sphingida>)  and  Noctuje.  These  have  liglit-coloured  nocturnal 
flowers,  with  a  strong  sweet  scent,  whose  honey  is  concealed  at 
the  base  of  a  very  long  tube  i>r  spur  {Lonictra  Capi-ifoUum, 
PlaiaTUkera)} 
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My  brother,  Fritz  Mitller,  has  made  many  interesting  observations 
on  South  Brazilian  plants,  in  all  the  three  lines  of  research  which 
Darwin  instituted.  His  results  have  been  contributed  partly  to 
the  Jenaische  Zeitschri/t  and  Botanische  Zeitxing,  partly  to  Darwin's 
Variation  of  Animals,  etc,  and  are  partly  published  for  the  first 
time  in  this  book.  He  has  found  in  the  case  of  various  orchids 
that  they  are  not  only  sterile  to  their  own  pollen,  but  even  that 
the  pollen  and  stigma  of  the  same  flower  act  as  fatal  poisons  to 
one  another.  In  various  flowers  {Chamissoa,  Epidendrum)  he  has 
discovered  special  contrivances  in  the  act  of  being  evolved,  and 
especially  in  Posoqueria  and  Faramea  he  has  given  clear  proof 
that  certain  peculiarities,  advantageous  under  the  given  conditions, 
have  by  no  means  attained  their  full  perfection.  The  proof  of  this 
fact  deserves  special  attention  as  a  strong  objection  to  the  teleolo- 
gical  theory.  His  comprehensive  observations  on  Brazilian  orchids 
will,  it  may  be  hoped,  soon  be  published  in  a  special  work. 

Severin  Axell  published  in  1869  a  book  on  the  floral  mechanisms 
of  Phanerogams.  It  contains  a  clear  historical  review  of  the  growth 
of  our  knowledge  of  the  sexual  relations  of  plants,  and  describes 
some  new  investigations  of  floral  mechanisms  and  some  experiments 
on  the  fertility  of  plants  after  self-fertilisation.  It  is  remarkable 
for  divesting  of  a  certain  onesidedness  the  conception  that  had 

flowers  are  adapted  for  cross-fertilisation  by  animals  are  fully  treated  and  very  clearly 
arranged.     He  distinguishes  : — 

1.  Adaptations  which  affect  the  senses  of  sight  and  smell  in  the  fertilising 

agents. 

(a)  CJolour. 
(h)  Scent. 

2.  Adaptations  which  affect  the  sense  of  taste  :  the  attractions  of  pollen,  honey, 

and  other  food-materials. 

3.  Arrangements  which  direct  the  actions  of  the  fertilising  agents,  and  make 

them  more  effective. 

(a)  Increase  of  conspicuousness  by  heliotropy,  the  position  and  grouping 

of  the  flowers,  enlargement  of  particular  organs,  etc. 
{h)  The  development  of  certnin  parts  convenient  for   alighting  on   or 

standing  on. 
(c)  Arrangements  for  preserving  the  nectar  for  the  use  of  the  fertilibing 

agents. 
[<£)  Arrangements  for  promoting  the  transfer  of  pollen  from  the  anthers 

to  the  body  of  the  fertilising  agent,  and  thence  to  the  stigmas. 
(«)  Arrangements  for  ensuring  the  transport  of  pollen  from  one  flower  to 

another,  or  from  one  individual  plant  to  another. 
(/)  Arrangements  for  regulating  the  number  of  visits  of  the  fertilising 

agents. 
ig)  Arrangements  for  adapting  the  flowers  to  particular  fertilising  agents 

Finally,  Delpino  gives  a  classification  of  flowers  according  to  their  different  ty}ies, 
of  which  he  distinguishes  forty-seven,  and  he  appends  spme  remarks  on  the  fertilising 
agents  of  plants  and  their  habits. 
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become  here  and  there  prevalent  of  the  signilicauce  of"  croBS- 
fertilisatiou;  and  also  for  attempting  to  arrange  all  the  floral 
mechanisms  of  Phauerogams  in  a  series,  according  to  their  natural 
development  from  leas  perfect  to  more  perfect  forms. 

The  first  impulse  to  the  new  investigation  of  flowers  had  been 
given  by  Dar\vin's  notion  of  a  general  law  that  no  organised  being 
fertilises  itself  for  an  unlimited  number  of  generations,  or,  as 
Darwin  put  it,  that  nature  abhors  perpetual  aelf-fertilisatioa.  And 
it  was  natural  that  those  investigators  who  worked  upon  the  lines 
laid  down  by  Uarwin  should  look  upon  the  contrivances  that  were 
favourable  to  cross- fertilisation  and  unfavourable  to  self-fertilisation 
as  so  many  proofs  of  the  truth  of  Darwin's  conjectural  law.  But 
they  neglected  to  eousider  those  flowers  which  frequently  or 
regularly  fertilise  themselves;  or,  if  such  flowers  forced  them- 
selves upon  their  notice,  they  were  looked  upon  as  isolated  excep- 
tions, and  self-fertilisation  was  considered,  iu  spite  of  tbem,  as 
throughout  injurious  to  plants.  For  instance,  Hildebrand  in  1867 
says;  "In  most  plants  self-fertilisation  is  avoided  by  special 
contrivances  or  evfen  rendered  impossible,  or  if  it  does  take 
place  it  is  at  least  injurious;"  and  in  1869  he  tries  to  prove 
"the  law  of  the  avoidance  of  self-fertilisatiou,"  and  to  treat  as 
isolated  exceptions  Calceolaria  pinnata  and  Morula  degatis,  in 
which  he  had  found  self-fertilisation  to  take  place  regularly  when 
insect-visits  fail.  Similarly,  in  Delpino's  writings  until  1869 
the  idea  recurs  in  many  places,  quite  definitely,  that  "nature  in 
general  abhors  self-fertilisatiou,"'  while  Darwin  had  only  spoken  of 
jKTpelwii  self- fertilisation.  Now  Axell  justly  showed  that  this 
conception  entertained  by  Hildebrand  and  Delpino  was  unfounded, 
for  he  brought  forward  in  opposition  to  it  the  facts  that  in  many 
flowers  self-fertilisation  inevitably  takes  place  in  default  of  insect- 
visits,  and  that  he  himself  had  proved  by  experiment  m  many 
cases  that  such  self-fertilisatiou  residts  in  the  production  of  good 
seed;  further,  that  many  aquatic  plants,  which  under  ordinary 
circumstances  expand  their  flowers  at  the  surface  of  the  water  and 
are  cross-fertilised  by  the  wind  or  by  insects,  remain  closed  and 
submerged  when  the  water  is  unusually  high,  and  in  such  circum- 
stances fertilise  themselves  and  produce  seeds  which  propagate  the 
species;  and  finally,  that  many  terrestrial  plants,  with  irregular 
flowers  which  render  self-fertjlisation  impossible,  produce,  instead 
of  these  or  along  with  these,  other  flowers  of  simple  structure 
11.  G5,  "  L'aatijwtin  die  lin  U  nntiin  jvr  le  tiran 


PART  I.] 


HISTORICAL  INTRODUCTION. 


ly 


which  remain  closed  {flores  cleistogavii,  Kuhn)  and  pnxluce  seed 
regularly  by  self- fertilisation.  He  supposed  that  the  existence  of 
cleistogamic  flowers  was  due  partly  (e.g,  Lamium  amplexi^caule)  to 
low  temperature,  which  hindered  the  development  of  the  ordinary 
flowers,  and  partly  to  failure  of  the  insects  which  under  normal 
circumstances  effected  cross-fertilisation. 

By  this  explanation,  Axell  rectified  the  conception  that  was  so 
distinctly  uttered  by  Hildebrand  and  Delpino  in  their  earlier 
writings,  viz.,  that  cross-fertilisation  is  advantageous  and  self- 
fertilisation  disadvantageous  for  plants,  by  showing  that  though 
cross-fertilisation  is  better  than  self-fertilisation,  yet  self-fertilisation 
is  infinitely  better  than  absence  of  fertilisation  and  consequent 


Fig    2.— CleisttigaDiic  and  ordinary  flowers  of  Lamium  ampUxieauU. 

1  —  1,  large  onlinnry .flower,  not  quite  twice  natural  size.  1,  entire  flower;  2,  oblique  view  of 
mouth,  showing  anthers  and  stigma ;  8,  upper  part  of  corolla  Just  before  tlio  flower  opens  ;  4,  nectary 
(«)  and  orary  (a«). 

6 — 10,  small  cleistogamic  flower  (5.8,  x  5  ;  9,  10,  x  24).  5,  entire  clelstognmic  flower  flrom  the 
outer  side ;  6,  corolla,  opened  by  force,  seen  from  the  side ;  7.  tlie  same,  opened  less  widely,  seen 
from  below  ;  8,  corolla  of  a  cleistogamic  flower,  unopened,  from  below  ;  0.  essential  oigans  of  a 
deistognmic  flower  undergoing  self-fertilisation,  two  stamens  having  been  removed  ;  10,  ovary  and 
nectary  seen  from  the  front  and  right. 


sterility ;  and  he  also  removed  by  his  elucidation  of  cleistogamic 
flowers  one  great  objection  to  the  Knight-Darwin  law, — the 
argument  which  was  used  against  it  by  H.  von  Mohl. 

Axell  founds  his  attempt  to  classify  all  floral  mechanisms  of 
Phanerogams  in  the  natural  order  of  their  development  upon  two 
laws  which  he  lays  down  as  axioms :  (1)  Nature  strives  to  increase 
as  much  as  possible  the  number  of  individuals  in  each  species; 
and  (2)  she  strives  to  attain  the  greatest  possible  results  by  the 
simplest  possible  means.  If,  instead  of  abiding  by  the  teleological 
standpoint  which  personifies  nature,  Axell  had  risen  to  the 
objective  conception  of  nature  which  Darwin  founded,  he  might 
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have  stated  these  two  laws  somewhat  as  follows ;  (1)  every  species 
of  amnaal  and  plant  Las,  in  otherwise  similar  circumstances,  the 
greater  prospect  of  survival  in  the  struggle  for  existence,  the  tiiore 
numerous  the  ofl'spring  that  it  leaves;  (2)  every  individual  may, 
under  otherwise  similar  conditions,  be  preserved  the  more  easily 
in  the  struggle  for  existence,  the  simpler  its  requirements  are. 
He  would  not  then  have  requintd  to  state  these  laws  as  axioms, 
for  they  are  seen  to  be  immediate  consequences  of  tlie  theory  of 
natural  selection.  Starting  from  these  two  laws,  Axell  saw  in 
every  economy  of  material,  space,  or  time,  an  improvement  in  the 
mechanism  of  the  flower.  Accordingly  he  considers  the  arrange- 
ment in  anemophilous  flowers  the  most  primitive  and  most 
imperfect  form  amongst  Phanerogams,  since  it  necessitates  an 
immense  waste  of  pollen,  which  is  avoided  in  cross-fertilisation 
by  insects.  In  both  the  anemophilous  and  the  entomophilous 
sections,  Axell  recognises  a  further  advance  in  the  transition  from 
dioecious  to  moncecious  and  mouocliuic  forms,  since  in  this  arrange- 
ment there  b  not  only  increased  economy  of  material  (floral 
envelopes,  pollen),  but  increasing  certainty  of  sexual  reproduction. 
In  the  group  of  monoclinic  entomophilous  flowers,  Axell  considers 
that  a.  further  advance  is  shown  in  passing  from  diehogamic  to 
herkogaviie  flowers  (those  iu  which  self-fert.ilisation  is  hindered 
by  the  relative  positions  of  the  parts),  and  from  these  to  the 
heterostylic  (dimorphic  and  trimorphic),  and  finally  from  these 
to  the  homostylic  plants  with  irregular  flowers  and  again  to  those 
with  regular  flowers. 

According  to  Axell,  the  forms  which  stand  nearest  to  the  diclinic 
entomophilous  flowers  are  the  diehogamic,'  as  in  both  of  these 
types  two  insect-visitfi  are  necessary  for  each  act  of  fertilisation, 
and  many  insect-visits  which  are  paid  successively  to  flowers  in 
the  same  stage  of  development  remain  useless  to  the  plant. 
Among  horaf^amic  entomophilous  flowers,  the  herkoganiic,  in 
Axell's  opinion,  share  with  the  diehogamic  forms  the  disadvantage 
of  not  being  able  to  fertilise  themselves  in  case  of  need  ;  but  they 
stand  one  stage  higher,  since  each  act  of  fertilisation  requires  only 
a  single  insect-visit.  This  is  also  the  case  in  heterostylic  forms, 
which  according  to  Axell  stand  yet  a  stage  higher,  since  in  them 
self-fertilisation,  though  very  difficult,  is  not  impossible.     Finally, 

'  AxcIl  nllowB  the  quite  aiiraunded  BUpposition  that  tliis  corolU  begins  to  wither 
iind  the  Mention  of  honey  ceases  m  soon  u  pollen  U  applied  to  the  sti^cmu  to  lend 
him  iato  the  eqnilly  erroneoui  concluaion  that  protenuirlroiu  dicho^ny  only  ia 
possible  in  eutomopbiUniN  flowen ;  and  this  ctiiicliuion  leads  him  to  doul  '  '' 
. f ■  -.     , ,  I     ^  oppoioil  to  his  view. 


i?ABT  I.]  HISTORICAL  INTRODUCTION.  21 

among  homostylic  forms,  in  which  the  possibility  of  self-fertilisa- 
tion is  unchecked,  those  with  regular  flowers  stand,  according  to 
Axell,  on  a  higher  grade  that  those  with  irregular  flowers,  since 
they  permit  the  visits  of  more  various  insects.  Axell  thus  arrives 
at  the  following  order  of  development : — 

A.  Flowers  which  are  fertilised  by  the  aid  of  an  extraneous 

medium  of  transport  {Jlqres  chasmogami), 
I.  Anemophilous  forms :   (a)  •  dioecious,  (h)  monoecious,  (c) 
dichogamic  (proterogynous),  {d)  homogamic. 
II.  Entomophilous  forms : 

a.  Self-fertilisation  hindered  by 

1.  Diclinism    )  Two   insect- visits  necessary  for  each 

2.  Dichogamy  j      act  of  fertilisation. 

3.  Herkogamy       .     .     .     .      \  Only  one  insect-visit 
h.  Self-fertilisation  not  hindered.  I      necessary  for   each 

I.  Heterostyly.  2.  HomostylyJ      act  of  fertilisation. 

B.  Flowers  which  fertilise  themselves  without  the  aid  of  an 

extraneous  medium  of  transport  {Jlores  cleistogami). 

If  we  review  the  lines  of  research  above  described,  in  order  to 
get  a  clear  idea  of  which  path  leads  us  most  surely  to  the  condi- 
tions determining  the  forms  of  flowers,  it  becomes  plain  that  two 
different  aims  must  be  kept  in  view ;  these  are  closely  connected, 
and  sometimes  within  certain  limits  mutually  depend  upon  one 
another,  but  they  cannot  be  confounded  without  danger;  viz, 
(1)  the  elucidation  of  floral  mechanisms,  and  (2)  the  proof  of  the 
Knight-Darwin  law. 

Sprengel  kept  in  view  as  the  sole  aim  of  his  researches  the 
explanation  of  the  characters  of  flowers  on  certain  presumptions 
which  were  to  be  justified  by  the  constant  possibility  of  such  expla- 
nations ;  and  his  results  were  singularly  fortunate  so  far  as  was 
possible  with  his  teleological  conceptions,  and  without  knowledge 
or  foreshadowing  of  the  advantage  of  cross-fertilisation.  Darwin 
remedied  both  flaws  in  Sprengel's  theory,  since  he  not  only  gave 
complete  expression  by  his  theory  of  natural  selection  to  the  new 
conceptions  that  had  gradually  grown  up,  but  he  also  made  the 
definite  statement,  and  took  steps  to  prove  it,  that  the  effect  of 
cross-fertilisation  is  advantageous.  But  he  did  not  content  himself 
with  the  statement  that  cross-fertilisation  leads  to  a  more  vigorous 
offspring  than  self-fertilisation,  which  would  have  suflSced  pro- 
visionally to  explain  the  contrivances  in  flowers,  but  he  laid  down 
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the  much  more  comprehensive  and  general  law  "that  no  organic 
being  fertilises  itself  for  a  perpetuity  of  generations,  but  that 
a  cross  with  another  individual  ia  occasionally — perhaps  at  very 
long  intervals — indispensable."  And,  in  his  exhaustive  researches 
on  the  fieral  contrivances  of  orchids,  he  had  always  kept  in  view 
as  his  chief  aim  the  establishment  of  this  law.' 

Hildebrand  and  Delpino  followed  the  same  aim  just  as  dis- 
tinctly, though  they  expressed  it  in  other  words,-  All  three  sought 
to  explain  all  the  contiivances  of  flowers,  presupposing  the  accuracy 
of  that  general  law.  If  all  floral  mechanisms  without  exception 
hail  turned  out  to  subserve  the  necessity  of  occasional  cross-fertili- 
sation, the  estabhshment  of  that  law,  and  with  it  the  foundation  of 
our  comprehension  of  flowers,  would  have  attained  thereby  to  the 
highest  measure  of  certainty ;  but  in  point  of  fact,  as  on  the  one 
hand  more  and  more  flowers  were  adduced  in  which  cross-fertili- 
sation is,  under  natural  conditions,  inevitable,  on  the  other  Land, 
in  at  least  equal  proportion,  more  and  more  instances  were  revealed 
of  plants  which  regularly  fert.ilise  themselves  and  are  fully  pro- 
ductive thereupon.  Inasmuch  as  one  cannot  admit  that  the  mere 
possibility  of  occasional  cross-fertilisation  is  a  sufRcient  proof  of  its 
necessity,  it  must  be  acknowledged  that  the  establishment  of  the 
Kniglit-Darwin  law  ia  not  advanced  in  the  least  by  all  the 
researches  on  the  mecbanisni  of  flowers.  The  whole  explanatory 
theory  of  flowers,  so  long  as  it  ia  based  entirely  upon  this  law,  has 
this  uncertainty  at  its  foundation. 

In  order  to  avoid  this  uncertainty  and  to  secure  a  Arm  basis  for 
investigating  the  conditions  determining  the  forms  of  flowers,  it  is 
above  all  necessary  to  leave  aside  the  Knight-Darwin  law.  which 
can  neither  be  proved  by  investigating  the  forms  of  flowers  nor  is 
necessary  for  their  elucidation ;  and  to  confine  ourselves  to  the 
proposition,  which  ia  suffloient  for  this  investigation  and  which 
can  be  verified  by  experiment,  that  cross-fertilisation  results  in 
offspring  which  vanquish  the  offspring  of  self-fertilisation  in  the 
E^tmggle  for  existence, 

'  "Ininy  voluino  '"«  the  Oriain  o/Sprtiet,'  I  linve  givvti  only  Renerel  wnnoiiafor 
Tnj  belief  Ihiit  it  ia  ui  ahuost  uiiiTerMl  Uw  of  imlnrv  that  argink  beinga  rv<|uirc 
■u  oEcaHionnl  erow  with  anothpi'  individual ;  or,  vhirh  is  thu  same  thing,  llul 
no  htiuiaphrDilite  fi>rti1iws  itwir  for  a  perpetuity  of  gincratiotts.  Having  been 
blanied  for  propomiding  this  doctriue  without  givii  -'    ■■    ■     »....i!i   .  f.  ■  . 

in  that  work  luflicieiit  apace,  I  wiih  to  Rhow  that 
^ne  into  detaila,'' — DaBWIN.  On  Ike  I'anout  CmUHmitiea,  r     ,  , 

*  Hiidetiruid  cnlla  it  lAe  Ui-ut  of  th*  armdanu  awl  Ou  dinadranlagt  i^  emHuual 
tejf-fmititalioti  ("  dna  Gesetz  der  vermiadenen  nnd  nnTortheUhartm  st«tigBn  Sellist- 
hefnirhtung") :  Delpino  calls  it  Ike  ffrrat  law  0/ rluAegam]/,  (/ri^  iHlererofitif/ {"  ]« 
Jtrati  Ifgge  il^lln  dirogBmin  0  dflli^  nnr.ii-  iiiPrw-iati' '" 
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It  is  obvious  that  this  proposition  is  much  narrower  than  the 
Knight-Darwin  law.  For  it  is  easily  conceivable,  and  it  is  com- 
patible with  all  known  facts,  that,  in  all  plants  without  exception, 
the  oflFspring  of  self-fertiKsation,  as  soon  as  they  come  into  com- 
petition with  other  individuals  of  their  species  which  are  the 
offspring  of  cross-fertilisation,  finally  succumb,  and  that  therefore 
the  above-mentioned  proposition  is  thoroughly  correct ;  but  that 
nevertheless  many  species  which  are  regularly  self-fertilised,  and  in 
which  the  struggle  for  existence  between  the  offspring  of  self- 
fertilisation  and  of  cross-fertilisation  never  takes  place,  reproduce 
by  self-fertilisation  for  an  unlimited  number  of  generations,  and 
that  therefore  the  Knight-Darwin  law  is  false. 

Whether  the  offspring  of  self-fertilisation  finally  succumb  in 
the  struggle  for  existence  to  the  offspring  of  cross-fertilisation  in 
the  same  species  may  probably  be  decided  iu  the  course  of  a  few 
generations  for  certain  plants  by  the  above-described  experiments 
contrived  by  Darwin.  Whether,  on  the  other  hand,  plants  in  which 
such  competition  is  avoided,  owing  to  exclusive  and  continuous 
self-fertilisation,  finally  become  extinct  for  want  of  crossing,  can 
probably  in  many  cases  not  be  decided.  At  least  Darwin  declares 
expressly  {Variation,  etc.,  chap,  xvii.)  that,  in  order  to  recognise 
the  difference  between  plants  produced  by  self-fertilisation  and 
those  produced  by  cross-fertilisation,  it  is  often  absolutely  necessary 
to  place  both  together  in  competition.  And,  moreover,  important 
fects  stand  opposed  to  the  Knight-Darwin  law,  which  have  mostly 
been  collected  by  Darwin  in  his  Variation  of  Animals  and  Plants 
with  scrupulous  care.  I  may  refer  to  the  examples  of  plants 
(mentioned  in  chap,  xviii.  of  that  work)  which  spread  over 
unlimited  areas  by  asexual  reproduction ;  to  the  Brazilian  culti- 
vated plants,  described  by  Fritz  Mliller  and  discussed  in  the  third 
section  of  this  book,  which  after  they  have  been  multiplied  for 
many  generations  exclusively  by  asexual  means,  have  lost  even  the 
power  of  sexual  reproduction ;  to  the  well-known  facts  that  numerous 
mosses  reproduce  over  great  part  of  their  area  of  distribution  by 
exclusively  asexual  means,  and  that  many  are  only  known  in  the 
sterile  form :  all  facts  which  are  not  easily  brought  into  accordance 
with  the  supposition  that  occasional  crossing  is  essential  for  lasting 
conservation. 

There  is  good  foundation,  therefore,  for  the  demand  that  the 
explanation  of  floral  mechanisms  shall  rest  only  on  the  sufficient 
and  demonstrable  assumption  that  cross- fertilisation  yields  more 
vigorous  offspring  than  self-fertilisation. 
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But  while  we  must,  ou  tlic  one  hand,  strive  to  limit  our 
Hssumpiions  as  much  as  possible,  in  order  to  keep  a  basis  fully 
demonstrable  by  experiment  for  our  conclusions,  we  must,  on  the 
other  hand,  that  these  conclusions  may  rest  firm,  demand  the 
securest  possible  establishment  of  all  accessible  facts  which  can 
influence  the  mutual  relations  between  flowers  and  the  agents 
which  fertilise  them. 

Of  the  various  fertilising  agents,  wind  and  water  are  so  simple 
and  regular  in  their  action  that  it  is  easy  to  review  the  circum- 
stances of  the  case,  and  to  recognise  how  the  comparatively  simple 
contrivances  in  anemophilous  and  hjdi-ophilous  plants  are  deter- 
mined by  the  nature  of  the  medium  of  transport.  But  the  insects  * 
which  act  as  carriers  of  pollen  are  bo  various  in  size,  form,  length 
of  proboscis,  food-material,  mode  of  movement,  colour-sense,  &c., 
their  abundance  depends  on  so  many  conditions,  and  tbeir  visits  to 
particular  flowers  are  so  influenced  by  weather,  the  competition  of 
other  insects,  the  attractions  of  other  neighbouring  flowers,  &c., 
that  the  mere  investigation  of  floral  contrivances,  and  the  mero 
general  establishment  of  the  fact  tliat  certain  flowers  are  actually 
visited  and  fertilised  by  insects,  can  never  lead  to  a  perception  of 
the  primitive  conditions  which  determine  any  specific  peculiarity 
in  a  flower.  Only  when  it  is  accurately  ascertained  for  many 
and  various  flowers  of  the  same  neighbourhood  by  what  insects  and 
liow  abundantly  by  each  each  species  is  visited,  what  in  each  case 
each  visitor  comes  in  search  of,  how  each  acts  in  its  visits,  how  the 
dimensions  of  their  bodies  correspond  to  the  dimensions  of  the 
flowers  (for  instance,  the  length  of  their  proboscis  to  the  length  of 
the  tube  and  spur),  what  parts  of  their  bodies  come  in  contact  with 
the  pollen  and  the  stigma,  and  so  forth  ;  when  further,  for  each  of 
these  flowers,  not  only  the  form,  arrangement,  and  order  of  deve- 
lopment of  the  separate  parts,  but  also  the  area  of  conspicuous 
surfaces,  the  diameter  of  the  entrance,  the  depth  of  the  tube  in 
which  the  honey  lies,  in  short  every  point  which  can  afl'ect  the 
insect-visitor,  has  been  accurately  ascertained — then  only  may  we 
hope,  by  comparing  the  characters  of  flowers  and  their  iusect^ 
visitors,  to  attain  to  accurate  knowledge  instead  of  the  mere 
surmises  concerning  the  conditions  that  primitively  determine  any 
floral  character. 

It  is  plain  that  in  such  facts  all  previous  investigations  have 
left  wide  gaps.     Even  Delpino,  who  paid  more  attention  than  any 

m  the;  do  not  play  an  importint 
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previous  observer  to.  the  insect-visitors,  based  his  generalisations 
upon  far  too  few  observations  of  insect-visits ;  both  his  classifi- 
cation of  entomophilous  flowers^  and  his  general  conclusions 
concerning  the  fertilisers  of  whole  families  {Compositce,  Boraginem, 
&c.)  require  essential  modification.  In  no  single  case  do  the 
observations  hitherto  made  on  anthophilous  insects  suffice  either 
to  explain  the  differences  between  nearly  allied  species  of  flowers 
or  to  settle  the  primitive  conditions  determining  any  specific 
floral  character. 

In  order  to  attain  to  substantial  knowledge  concerning  such 
determining  conditions,  we  must  modify  in  two  respects  the  modes 
of  investigation  hitherto  adopted,  based  upon  the  BLuight-Darwin 
law  : — 

(1)  Instead  of  considering  those  flowers  in  which  cross- 
fertilisation  in  case  of  insect-visitors  is  distinctly  insured  or  in 
which  self-fertilisation  is  distinctly  opposed,  we  must  look  upon  all 
entomophilous  flowers  without  exception  as  requiring  elucidation 
to  the  same  degree ;  and  in  each  species  we  must  consider  the 
possible  or  inevitable  occurrence  of  self-fertilisation  in  absence  of 
insects  with  as  much  care  as  the  certainty  or  possibility  of  cross- 
fertilisation  in  case  of  insect-visits. 

(2)  Instead  of  confining  ourselves  to  the  investigation  of  floral 
mechanisms  or  of  at  most  ascertaining  in  a  general  way  by  what 
groups  of  insects  a  particular  plant  is  visited  and  cross-fertilised, 
we  must  consider  the  insect-visitors  with  as  much  care  as  the 
flowers  visited  by  them.  We  must  compile  for  each  species  of 
flower  a  list  as  complete  as  possible  of  its  visitors,  in  order  to  come 
by  wide  comparison  to  a  safe  conclusion  regarding  what  effect 
peculiarities  in  colour,  odour,  the  secretion  and  concealment  of  the 
honey,  etc.,  have  upon  insect-visits,  and  so  upon  the  fertilisation  of 
the  plant.  We  must  also  take  note  of  the  way  in  which  the 
insects  are  fitted  to  obtain  their  floral  diet,  and  we  must  try  to 
trace  the  gradual  evolution  of  such  adaptations  through  all  stages, 
since  many  characters  of  flowers  and  of  their  visitors  (e.g.  length 
of  tube  and  length  of  proboscis)  have  been  developed  in  reciprocal 
adaptation,  and  can  therefore  only  be  understood  when  considered 
together. 

This  is  the  path  which  I  have  sought  to  enter  on  in  the  present 
book.  How  far  I  have  succeeded  in  my  task  is  for  others  to 
decide.  To  permit  of  fair  judgment,  I  must  myself  explain  certain 
omissions  in  my  work. 

^  Supra,  p.   15. 
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1  have  been  unable  to  pay  equal  atteiition  to  all  groups  of 
anthophilous  ineectB.  I  could  Deither  deteniiine  by  myself  the 
minute  flies  and  gnats,  ichneumon -Hies  and  their  allies,  aphides 
and  species  of  Meligdhca  and  Thrips,  nor  could  I  get  them  reliably 
determined  by  others;  these,  accordingly,  along  with  most  ants 
and  some  saw-flies,  are  referred  to  only  in  general  terms.  Noc- 
■  hinial  lepidoptera  and  microlepidoptera  are  left  almost  untouched 
for  another  reason,  viz.,  the  difficulty  of  observing  them  upon 
flowers  in  the  dim  light.  On  tiie  other  hand,  I  have  paid  close 
attention  to  the  beetles,  the  largtr  flies,  bees,  wasps,  and  butterflies, 
and  I  have  determined  their  species  with  the  aid  of  the  entomo- 
l(^sts  referred  to  iu  my  preface.  But  just  on  account  of  this 
simultaneous  observation  of  so  many  insect  groups,  in  the  case  of 
the  most  frequented  flowers  it  is  probably  only  the  commonest 
species  that  have  fallen  into  my  hands ;  so  that  it  will  be  easy 
for  any  collector  of  a  special  group  to  show  the  most  extensive 
omtBsions  in  my  richest  lists.  I  indeed  hope  that  this  may  be  done 
on  the  lai^est  scale. 

In  hastening  to  publish  provisionally  an  account  of  my  researches, 
it  was  fiirther  impossible  for  me  to  follow  out  thoroughly  in  the 
case  of  all  the  groups  of  anthophilous  insects  the  modifications 
which  fit  them  for  a  floral  diet,  and  to  prove  that  such  modifica- 
tions have  been  evolved  gradually.  In  Ibecase  of  bees,  the  most 
important  visitors  of  flowers,  I  have  attempted  to  give  such 
proof  in  a  special  work.  In  the  present  book  I  must  limit  myself 
tii>  giving  a  general  account  of  the  adaptations  of  insects  to  the 
flowers  visited  by  them,  so  far  only  as  seems  essential  for  a  right 
nuderstanding  of  the  actions  of  insects  upon  flowers. 


NOTES  ON  THE  HISTORICAL  INTRODUCTION. 

1.  Severin  Asell  gives  in  hia  work  (17),  publialied  iu  IseB.onlidrt  revifw  of 
tlie  duvelopment  of  inir  knowledge  of  the  eesunl  relations  of  plants.  He 
sayB: — 

"  Although  we  meet  even  in  nncitint  Greek  and  Roman  authors  with  dim 
foreshadowiugs  of  the  wxnality  of  some  diclinio  plants,  it  is  only  towards  tlm 
end  of  the  Mventeentli  century  that  we  find  tlie  existence  of  two  eeiea  in  the 
higher  ptanis  clearly  and  generally  acknowledged.  In  1682,  Nehemian  Orew 
publJEhed  his  book  Tht  Analomj/  nf  PianU,  in  which  be  mu'ntained  the 
nec^esitj  for  the  pollen  to  set  upon  tbc  pistil  to  form  the  fruit.  KiuL  Jao. 
'  and  Sebaaliun  Vuillunt'  ^trangly  supported  the  new  vieWB,  partly 
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by  experiment,  partly  by  8i>ecifymg  the  sexual  organs  in  various  forms  of 
flowers  ;  while  on  the  other  hand  Tournefort  ^  and  Pontedera '-'  tried  to  prove 
that  these  views  were  untenable,  chiefly  from  philosophical  considerations. 
The  contest  may  be  considered  to  have  been  settled  in  its  main  point  by  the 
masterly  collection  of  proofs  of  the  sexuality  of  plants  given  by  Linnaeus 
in  1735.» 

After  it  had  been  shown  that  pollination  is  an  essential  condition  for  the 
production  of  seed,  it  still  remained  to  show  how  the  pollen-grains  are  con- 
veyed to  the  stigma  ;  and  attempts  were  made  to  'elucidate  this  also,  but  with 
less  success.  It  was  of  course  seen  that  in  diclinic  plants  some  external  agency 
must  convey  the  pollen-grains  from  the  male  to  the  female  flowers,  and  the 
whole  effect  was  ascribed  to  the  wind  ;  in  hermaphrodite  flowers,  on  the  other 
hand,  it  was  supposed  that  the  stigma  is  dusted  with  pollen  from  the  same 
flower  without  the  cooperation  of  any  external  agency.  This  had  to  take  place 
either  by  the  anthers  and  stigma  coming  in  contact,  or  by  the  pollen  falling 
down  upon  the  stigma  :  the  former  would  have  to  take  place  either  before  the 
flower  opened,  or  by  movements  of  the  reproductive  organs  *  ;  to  explain  the 
latter,  it  was  laid  down  as  a  general  rule  that  those  flowers  whose  stamens 
overtop  the  style  have  an  erect  position,  and  that  those  in  which  the  style 
overtops  the  stamens  are  pendulous.*  Meanwhile,  since  it  was  observed  that 
many  flowers  contain  honey  and  are  visited  by  insects,  the  idea  arose  that  these 
must  be  of  some  use  in  fertilisation.  It  was,  however,  supposed  that  in  their 
visits  they  simply  shake  pollen  from  the  anthers,^  and  not  that  they  carry 
pollen  from  one  flower  to  another.  The  importance  and  in  many  cases  the 
necessity  of  the  action  of  insects)  was  not  at  all  recognised,^  either  in  general 
or  in  any  single  case,  if  we  except  the  observation  of  the  fertilisation  of  Ficus 
carica  by  Chalets  Psenes  {Ficus  in  Amcm.  Acad.  i.). 

This  last  observation  stood  for  a  long  time  isolated,  until  in  1761  Joseph 
Gottlieb  Koelreuter  demonstrated  the  necessity  of  insects*  aid  in  several 
other  cases,  such  as  CucurbitaceoBj  Iridea^,  Sambucusj  and  Viscuvi.^  Tliis 
illustrious  man  remarked  also,  that  in  MalvaceoBy  Epilvbium,  and  Pole- 
mfrtnum  (Vorlduf.  Nachr.  p.  34),  self-fertilisation  is  prevented  by  maturation 
of  the  reproductive  organs  at  different  times,  and  that  in  these  plants  the 
pistil  of  an  older  flower  is  fertilised  by  the  aid  of  insects  with  pollen  from  a 
yoimger  flower.*    In  the  case  of  most  plants,  however,  he  held  to  the  old 


^  InMittUioTies  rei  herbaria:  (Paris  :  1700). 

^  AfUhologia,  seu  de  florist  valurd  (Patav.  :  1720). 

*  Fimdamenta  botaniea  (Amsterdam  :  1735). 

*  It  was  Vaillant  who  first  observed  this  phenomenoD.  For  the  ineaDing  which 
WAS  assigned  to  it,  see  Linmeus,  De  nuptus  et  sera  planlartim,  1 729,  first  printed  in 
1829;  and  **  Sponsalia  Piantarum,'*  p   46,  in  Amopuitatcs  Academica:y  i. 

*  Linnseus,  loe.  cit.  and  "  De  ffconomid  Naturm"  in  Aman,  Acad.  i. 

*  *'  Sponsalia  Plantarum  "  and  **/>«  nectariis  jfarum,**  Ameen.  Acad,  iv. 

^  See,  for  instance,  the  explanation  of  the  act  of  fertilisation  in  Fiola  tricolor  in 
".  SponmZia  PlaTUarum"  p.  37. 

'  l^laufige  Hachrichi  von  cinigen  das  Oeschlecht  der  PJiamtn  betrefenden  Versuchen 
und  Beobachtungcn  (Leipzig  :  1761),  and  Fortsetzung  der  rorldufigen  NachricfU 
(l^ipzig:  1763). 

■  After  showing  how  well  the  organisation  of  these  plants  is  fitted  for  crossing 
Koelreuter  remarks  :  "  An  id  aliauid  in  recessu  habeat,  quod  hujuscemodi  flores 
numquam  proprio  suo  pulvere,  sou  semper  eo  aliarum  suae  speciei  impregnentnr 
men  to  qujeritur.     Certe  natura  nil  facit  fnistra." 
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bxirlanation  of  frirtilisulion,  whit'li,  erroneous  oe  it  wm,  vm  nut  coniro- 
verted  until  the  apjiearonte  of  Sprengel's  book  and,  afterwards  still  more 
thoroughly  by  F.  J.  Schelvw'  end  August  IlenacheL'  The  researches  of 
these  botanist«  showed  clearly  that  in  most  plants  pollination  of  the  pi?tt] 
is  impowihle  or  at  lea«t  improbable  without  the  cooperation  of  oome  eitemol 
agent  The  lost  two  auihore,  since  they  did  not  a^'ribe  the  proper  ioiportanco 
to  inEect-vidtB,  were  led  into  the  error  of  denying  the  Kxuulity  of  planlH. 
On  the  other  hund,  Sprengel  hoa  not  only  rendered  the  n^ative  service  of 
dhowinj;,  as  the  others  did,  how  llie  prevalent  conception  of  the  mode  of 
fertilieatiou  is  directly  coutntry  to  the  aetu&l  relations,  but  h1»o  tlic  positive 
MTvice  of  removing  tlie  latrt  objtrlion  to  the  «exual  theory  by  liis  theory  of  the 
aduptation  of  flowen  Ui  fertilisation  by  insects.' 

2.  Even  Sprengel  notes  several  instances  of  incomplete  adaptation  ;  t.g,  on 
poge  259,  "Allhongh  the  Bowers  {Lgchnit  ttioira)  being  noctnmnl  are  not 
ndupted  for  humble-bees,  yet  tbe«e  moke  use  of  their  nectar." 

3.  Perhaps  P.  O.  Kurr  ha«  reviewed  moat  ihorongljly  Sprengel's  obsen'a- 
tions  in  \i\»  book  Uulertvc/ivngfit  iibfr  die  Btdeutusg  dtr  Neklnrien  in  deii 
Blamen,  which  is  replete  with  his  own  observations  and  ideus.  But  even 
this  acute  obnerver*  lets  us  clearly  trace  how  his  ignorance  of  the  advantage 
of  cnwa-ferti ligation  jtreventeii  him  from  agreeing  with  Sprengel'sexplunations, 
nnd  how,  along  with  Sprengel's  theories,  he  rejected  his  correct  observations 
{f.g.  ia  the  case  of  Cataiiaitvla)  in  order  to  cling  to  old  errors. 

Severin  Aiell,  in  his  above-mentioned  work,  cites  the  following  later 
botanists  who  rejected  Sprengel's  diacoveriea  ;  "  TrevirHnns,'  in  npholiling  the 
sexuality  of  plants  against  Hensehel,  denies  altogether  that  the  organs  of  lln' 
two  sexes  mature  at  ditfeivnt  times,  and  declares  that  the  pollen  and  the  slignia 
olways  ripen  simultaneously;  Schulti-Schultzenntein *  atlucks  Sprengel,  and 
charges  him  with  false  statements;  De  C3andolle'  Hsserts :  'M,  Conrnd 
Spnrngel  a  cherch^  a  d^velopper  sea  id^,  plug  fondles,  je  le  cmin!>,  tnir  den 
thtories  m^tuphysiques  que  eur  la  simple  observation  dm  fhits;'  Mikan 
criticises  him  for  his  description  of  the  apparatus  for  fertilisation  in  tlie  violet  ; 
even  Itobert  Cospory  iwys,  *  quod  censeo,  non  injueto  diet  potest,  inter  omn» 
illss  Sprengelii  observntiones,  quaa  cerdssimas  profert,  quo  modo  inetrtA  florcs 
fecundent,  ne  unam  qitid«a  esse,  ex  quit  ccrte  concludi  ponsit,  nullo  alio  mudo 
flores  fei-nndari  qnam  aUxiliis  insectorum.'  Robert  Brown  alone,  in  his 
well-known  paper  (114)  on  the  fertilisation  of  Atclrpiadacta  and  Orehidueta, 
c-onflrraed  the  accuracy  of  Sprengel's  stat^^ment  that  the  aid  of  injects  is 
necessary  for  the  fertilisation  of  these  plants,  although  he,  like  Sprengel, 
failed  to  notice  that  here  croes- fertilisation  occurn  and  not  self- fertilisation." 

Just  an,  according  to  these  extmcts,  most  boiaiiiats  reviewed  onesidedly 
the  weakness  of  Sprengel's  theory,  and  threw  overboard  the  good  along  with 
the  defective  ;  so,  with  equal   onesidednew,  Delpino  and   Severin  Axell  have 

'  KTiiik  drr  Lchre  tou  dtn  Grfchlrehta-a  drr  Pfitiam  {Heidelberg  :  1812). 
''  Veitder  SoMaiWU {%na\M  :  1820). 

«  Cf.  Saverin  Axell,  "■  Oiadit  firgndt  hj/lUU  htlyUltt  fir  nketen,"  Bat.  NidUtr 
Tredje  Httftet,  1S«8. 

•  loe.  cil.  pp.  I3S,  lUfi. 
'  Dir  Lrhff  ToiH  QathUAlf  drr  Pjlamcn  (Bremen  ;  1833). 

*  Dii  Forllijlaiaung  Kitd  EmOhmru/  der  P/anitn  (18S8}. 
'  OrgamyrajihU  TtyOalf.  I.  p,  B38  (Paris :  1827). 
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raised  up  SprengeVs  work  too  higli,  and  have  passed  over  in  silence  the  flaw 
which  explains  why  it  remained  inoperative  for  so  many  generations.  Delpino  * 
says  in  regard  to  the  neglect  of  Sprengel, — and  Severin  Axell  agrees  with 
him :  "  It  is  sad  to  witness  tliis  war  of  error  against  truth,  especially  when 
the  contest  was  begun  by  one  who  lived  subsequently,  and  who,  instead  of 
profiting  by  the  truths  discovered  by  his  predecessor,  only  set  to  work  foolishly 
to  deny  them."  While  fully  acknowledging  the  justice  of  this  opinion,  I 
think  that,  to  be  fair  to  both  sides,  we  must  add  :  Sprengel's  discovery  is  an 
instructive  example  of  how  even  work  that  is  rich  in  acute  observation  and 
happy  interpretations  may  remain  inoperative  if  the  idea  at  its  foundation  is 
defective. 

4.  Darwin  says  in  his  paper  on  the  fertilisation  of  Papilionaceous  flowers 
by  bees  (p.  461) :  "Andrew  Knight  many  years  ago  propounded  the  doctrine 
that  no  plant  self-fertilises  itself  for  a  perpetuity  of  generations.  After  pretty 
close  investigation  of  the  subject,  I  am  strongly  inclined  to  believe  that  this  is 
a  law  of  nature  throughout  the  vegetable  and  animal  kingdoms."  As  Darwin 
also  mentions.  Knight  had  found  by  experiment  in  the  case  of  the  Pea 
that  more  numerous  seeds  and  more  vigorous  ofl'spring  are  obtained  by  the 
application  of  pollen  from  another  flower  than  by  self-fertilisation. 

1  Sull  opera  "  La  diatribuzione  dei  sesn,  etc."  del  Prof,  F.  Ilildebrand,  p.  10. 
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The  Insects  which  Visit  Flowers. 

Our  native  flowers  are  visited  by  examples  of  all  the  main 
divisions  of  insects;  but  these  divisions  diflfer  greatly  in  regard 
to  the  number  of  their  anthophilous  species,  the  extent  to  which 
these  restrict  themselves  to  flowers  for  their  food,  their  relative 
importance  in  fertilisation,  and  their  special  adaptations  for  the 
work.  And  though,  as  a  general  rule,  the  degree  to  which  a  group 
of  insects  is  adapted  structurally  for  a  floral  diet  is  proportional  to 
their  importance  as  fertilisers,  this  does  not  hold  good  always.  In 
the  following  sketch,  our  insect-groups  are  arranged  according  to 
their  progressive  adaptations  for  obtaining  food  in  flowers. 

Orthoptera  and  Neuroptera. 

These  groups  contain,  at  least  among  our  native  species,  no 
form  which  is  habitually  anthophilous,  or  which  shows  any  trace 
of  adaptation  for  a  floral  diet. 

Earwigs  {Forjicula  auricidariay  L.)  often  creep  in  the 
daytime  into  flowers  {Campanula,  Papavcr,  Tropax>lum,  roses, 
pinks,  peonies,  etc.),  whose  softer  parts  they  feed  upon  at  night. 
Grasshoppers  leap  or  fly  on  to  various  parts  of  plants,  and  so 
occasionally  on  to  the  flowers,  to  feed.^ 

I  have  seen  a  small  dragon-fly  {Agrion)  settle  repeatedly  on 
flowers  of  Spiraea,  apparently  only  to  sun  itself. 

I  have  so  oflien  seen  species  of  Htmerobius,  Stalls  lutaria,  L., 
and    Panorpa   communis,   L.,   upon   flowers   of  Umbelliferae,   and 

*  Delpino  once  found  a  small  green  grasshopper  on  flowers  of  Ophrys  arani/era 
{ 1 72).  Darwin  states,  on  the  authority  of  Mr.  Swale,  that  in  New  Zealand  several 
species  of  grasshoppers  have  been  observed  to  fertilise  papilionaceous  plants  (152, 
p.  451).  This  seems  to  me  almost  incredible.  In  South  Brazil  my  brother  Fritz  Miiller 
has  found  a  Pscudomops,  probably  P,  UUicumis  (Perty),  common  on  flowers. 
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watched  them  bending  their  heads  down  on  to  the  honey-secreting 
disc,  that  I  could  not  doubt  that  they  were  feeding  there.  In 
the  summer  of  1855, 1  took  Ascalaphus  macartyiiius  on  flowers  of 
Umbellifers  in  meadows  at  Laibach. 

The  case  of  Panorpa  communis  ^  is  quite  clear,  for  it  even  visits 
flowers  with  more  deeply-seated  honey  (Rosaceae,  Compositse,  e,g, 
Eupatoritim  cannabiniim),  plunging  its  long  beak-shaped  head 
into  the  tubes.  One  might  be  inclined  to  look  upon  this  elongated 
head  as  specially  adapted  for  the  quest  of  honey,  were  it  not  that 
the  little  wingless,  closely-allied  Boreus  hiem^lis,  which  never  visits 
flowers,  but  lives  among  moss,*  shows  the  same  peculiarity. 

It  is  also  exceptional  for  Neuroptera  to  visit  flowers.  They 
are  more  abundant  than  the  above-named  Orthoptera,  and 
occasionally  cross-fertilisation  may  be  effected  by  them ;  but 
certainly  no  native  flower  has  been  modified  by  the  agency  of 
either  group. 

Hemiptera. 

In  their  importance  as  fertilisers,  Hemiptera  stand  higher 
than  the  preceding  divisions,  for  in  one  group,  the  bugs 
{Hemiptera  Jieteroptera,  Latr.),  several  forms  are  habitually 
anthophilous ;  whether  they  possess  corresponding  adaptations  for 
a  floral  diet  is  still  uncertain. 

The  species  of  Anthocoris  (so  called  from  their  fondness  for 
flowers)  are  fitted  by  their  small  size  to  creep  into  and  suck  honey 
from  very  various  flowers.  I  have  taken  several  undetermined 
species  of  Capsid^w  and  Anthocoridce  on  flowers  of  Umbelliferae, 
Compositae,  and  Salix,  seeking  honey  and  dusted  with  pollen, 
I  found  Tetyra  mgrolineata  abundantly  on  flowers  of  Daucus 
Carota  in  Thuringia,  and  I  have  seen  Pyrocoris  aptera,  in  spring, 
thrusting  its  proboscis  (about  four  mm.  long)  into  florets  of  the 
dandelion;  the  underside  of  its  legs  and  body  was  dusted  with 
pollen,  and  it  seemed  to  be  a  regular  and  efficient  fertiliser.  I 
have  seen  no  structural  adaptations  for  floral  visits  in  any  of 
these  insects,  unless  the  small  size  of  Anthocoris  be  of  this  nature ; 
the  long  proboscis  is  found  in  many  allied  forms  which  never 
visit  flowers.  No  flower  has  been  shown  to  be  specially  adapted 
for  the  visits  of  field-bugs,  and  I  know  no  species  for  whose 
fertilisation  these  insects  are  especially  important.  The  structure 
of  their  proboscis  need  not  be  considered. 

^  Panorpa  communis  is  habituall}'  carnivorous. 

*  I   have  found  Boreiut  hirmalU  repeatedly  among  moss   on  the  Lichtenauer 
mountain,  near  Willebadcsscn,  but  only  m  the  middle  of  winter. 
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Ooleoptera. 

In  contrast  to  the  foregoing  groups,  Ooleoptera  afford  un- 
equivocal adaptations  to  a  floral  diet.  They  are  of  far  greater 
importance  as  fertilisers,  for  many  species  in  widely  different 
families  feed  at  times  on  flowers,  and  a  still  greater  number 
confine  themselves  to  such  food  exclusively.  None  of  our 
native  plants  are  fertilised  exclusively  or  even  mainly  by 
Ooleoptera;  but  the  large  genus  Meligethes  alone,  the  species  of 
which  are  small  and  can  creep  int6  most  flowers,  is  of  more 
importance  as  a  fertilising  agent  than  all  the  preceding  groups 
taken  together.  On  the  other  hand,  beetles  do  great  harm  to 
many  flowers  by  nibbling  their  reproductive  organs. 

In  flowers  where  the  honey  lies  fully  exposed  (Umbellifcrce, 
Comtts,  Pamassia),  many  species  of  beetles  may  be  seen  Ucking 
it ;  and  in  flowers  with  exserted  stamens  and  with  the  honey 
concealed  though  accessible  to  short-lipped  insects  {Rodjlorot^ 
Covipositce),  beetles  may  be  seen  licking  up  honey,  devouring 
pollen  or  even  the  whole  anther,  or  nibbling  at  the  petals  and 
stamens.  In  flowers  which  have  conspicuous  anthers  but  which 
secrete  no  honey,  or  where  the  honey  lies  too  deeply  hidden, 
(Eaiiun-culacecc,  Plantagd),  the  beetles  feed  upon  the  pollen,  the 
anthers,  and  other  soft  parts  of  the  flower.  Besides  these,  flowers 
which  afford  shelter  from  wind  and  rain  (Camjmnula,  Digit<ilis) 
are  visited  by  beetles,  which  then  feed  upon  the  pollen  and  the  soft 
tissues.  In  warmer  countries,  according  to  Dclpino  (178, 1.,  p.  234), 
several  flowers  of  this  kind,  e.g.  Magnolia,  have  become  adapted 
for  fertilisation  by  beetles  {Cctonia)  exclusively.  Lastly,  we 
sometimes  find  beetles  upon  flowers  which  seem  to  offer  none 
of  the  advantages  above  described,  but  only  allure  by  means  of 
their  bright  colours;  thus,  for  instance,  Cryptocephalus  scriceus 
and  G.  Morwi  are  often  attracted  by  the  bright  yellow  flowers  of 
Genista  tinctoria, 

A  review  of  the  mode  of  life  of  insects  which  visit  flowers, 
and  of  the  families  to  which  they  belong,  shows  continuous 
gradations  from  those  which  never  visit  flowers  to  those  which 
seek  them  as  a  secondary  matter,  and  finally  ta  those  which 
entirely  depend  upon  them.  This  shows  clearly  that  insects 
which  originally  did  not  avail  themselves  of  flowers  gradually 
became   more   and   more   habituated   to   a  floral  diet,  and   only 
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became  correspondingly  modified  in  structure  when  they  had 
learned  to  depend  upon  such  a  diet  exclusively :  so  that  the  view 
(defended  by  Delpino),  according  to  which  certain  flowers  have 
been  predestined  for  certain  insects,  and  vice  versd,  is  untenable.^ 

In  the  larval  state  I  have  observed  only  one  anthophilous 
beetle  {Helodes  arcta)  to  affect  a  floral  diet ;  other  beetles,  which 
as  larvae  feed  on  the  parts  of  flowers,  e.g,  the  Apple  Gouger 
{AntJumonius  pomontm),  abandon  flowers  on  attaining  to  the 
perfect  state.  The  larvae  of  beetles  which  are  anthophilous 
when  mature,  are  partly  carnivorous  {Telephorus,  Trichodes, 
Coccinella),  partly  feeders  on  putrid  animal  matter  {Dermestidaa) , 
partly  feeders  on  living  or  decaying  vegetable  matter  {Buprestidce, 
Ceramhycidm,  Materidcp,  Chrysoinelidce,  Curculionidoey  Cistela, 
Lagria,  Mordcllidce,  Lamcliicornia), 

Of  the  carnivorous  larvae,  most  species  of  Coccinella  and 
Tdci^hoTus  remain  carnivorous  in  the  perfect  state,  but  some 
(Coccinella  septempunctata,  C.  14,pu7ictataf  G,  mutahilis,  Telephcrrus 
fascvs,  T,  melanurus,  etc.)  though  they  do  not  disdain  flesh 
altogether  resort  more  or  less  to  flowers,  and  Trichodis  in  the 
perfect  state  restricts  itself  absolutely  to  a  floral  diet. 

In  the  next  group,  larvae  which  feed  upon  putrefying  animal 
matter,  Dermcdes  retains  the  same  habit  in  its  perfect  state, 
never  visiting  flowers,  and  Anthrentis  and  Attagemis  sometin  es 
do  the  same ;  but  of  these  latter  genera,  the  same  species  which 
under  favourable  circumstances,  e.g.  in  neglected  zoological  collec- 
tions, feed  for  many  generations  on  animal  matter,  without  ever 
leaving  the  cases  whose  contents  they  are  destroying,  in  other 
circumstances  may  be  found  by  hundreds  upon  flowers,  busily 
feeding  upon  pollen  and  honey. 

The  most  perfect  gradations  are  exhibited,  however,  by  those 
families  whose  larvae  feed  upon  vegetable  matter,  as  the  following 
selection  shows:  I  have  taken  no  species  of  Bodrichidce  on 
flowers ;  of  the  Curetilionidce,  only  a  tiny  part  of  the  family  resort 
(and  then  exceptionally)  to  flowers,  whether  of  the  same  plants 
in  which  they  pass  their  earlier  stages  {Gymnetron  campanulw, 
Larinus  Jdcew  and  senilis),^  or  of  other  plants  on  which  they 
find  freely  accessible  honey  (e.g.  Otiorhynehns  picipes  on  Cornus^ 
species  of  Apion  on  Adoxa  and  Chrysosplenium)  ;  the  Chrysovielidce, 

'  Cf.  the  discussion  of  Delpiuo's  telcological  conceptions  in  the  fourth  section. 

•  1  have  found  larva;  and  pupa?  of  Larinus  senilis,  F.,  at  Miihlberg  in  Thuringia, 
at  the  base  of  the  capitula  of  Carlina  acaulis,  and  the  perfect  insect  on  the  leaves 
and  now  and  then  on  the  Howers  of  the  same  plant. 
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besides  showing  the  two  stages  excmpliiied  in  the  CurcHlionida:} 
possess  species  which  in  the  perfect  state  are  either  mainly  or 
exclusively  confined  to  flowers,  either  feeding  on  honey  (e.g. 
Clytkra  acopolina),  or  on  the  soft  parts  of  the  flower  {a.g, 
Vryptocephalus  sericeus).  But  even  in  the  ChrysomelUlff!,  the 
anthophilous  species  make  only  a  small  part  of  the  whole  family. 
The  same  holds  good  for  the  Lnmdliecrmia,  the  Linnfean  genera 
Mdolontka  and  Cetonia,  whose  anthophilous  species  in  part  feed 
upon  leaves  of  Umbellifers,  occasionally  resorting  to  flowers,  where 
they  feed  on  all  the  soft  parts  indiscriminately  (Pkylloptrtha 
hortieola),  and  in  part  subsist  on  a  floral  diet,  either  chiefly 
{Hoplia  philaiUhus,  Ceioiiia)  or  exclusively  {Trichiits  .faadoi\is). 
Of  the  Cerambycuia:  and  Malerula:,  at  least  half  of  our  native 
species  resort  to  flowers,  some  only  incidentally  {lUiagitim, 
Clytus  arieiis,  Diacanthm  ttneits),  but  the  greater  number 
exclusively.  Finally,  among  the  Mordellidct,  (EdemrrirUe, 
Malackiirtm,  etc.,  whole  species  in  the  perfect  state  depend 
entirely  on  a  floral  diet. 

The  importance  of  CoUopt^ra  in  fertilisation  is  not  great 
enough  to  make  it  worth  while  to  compare  closely  all  the 
anthophilous  species,  genera,  and  families  with  their  nearest 
allies  among  noQ-aothophilous  forms,  in  order  to  trace  out 
adaptive  modifications.  To  disprove  the  teleological  hypothesis 
of  predestination, — that  certain  insects  are  fore-ordained  for 
certain  flowers  and  specially  organised  thereto,— it  is  enough, 
since  a  gradual  tran.sition  towards  a  floral  diet  has  been  shown 
to  exist  in  very  various  families,  to  show  by  one  example  Iiow  the 
structural  adaptations  appear  also  in  the  most  gradual  manner. 
We  take,  as  an  instance,  the  Oerambycidcc. 

One  of  the  chief  groups  into  which,  according  to  Weslwood,' 
this  family  is  divided,  viz.  the  Lejitiirida;,  comprehending  our 
native  genera  Rhumnusium,  Rhuijium,  Toxotus,  Puchyta,  Slrangalia, 
Zeplura,  and  G raviinopUra,  is  exclusively  restricted  in  the  perfect 
state,  for  the  great  majority  of  its  species,  to  a  floral  diet; 
Bhamnvaivm  alone,  to  my  knowletige,  is  never  found  on  flowers, 
hut  on  willowB  and  poplars;  the  species  of  Rhagium  occur 
chiefly  on  fallen  wood,  but  occasionally  on  flowers;  the  specie. 


>  Hdadft  ptutlavdrii,  for  oampiv,  Urcs  u  a  Urva  in  the  fantlow  slemi,  uid  wmo 
times  na  o  beetle  on  the  flowtre  ot  riullandrivm  aqiuUicum  ;  Cam'da  munvm  Uvea 
in  the  larval  sUto  on  the  leaves  of  Putiearia  diixaleriea,  and  BODietimea  as  a  bcrtle 
on  the  flawra  of  the  annie  plant.  Crunvris  Itptmetaia  IJTna  in  the  UrvHl  tlnte  oa 
Atparimut,  an'l  in  the  perfect  slate  sometiniea  feeds  nn  the  honey  nf  rnilwllifvin. 

»  IntndiKlion  lo  Me  Jforfe™  Cllmijifnlim  of  Iiwrtli  (1830-10). 
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of  Toxotus  occur  chiefly  on  flowers,  rarely  on  shrubs;  the  four 
remaining  genera  confine  themselves  to  flowers.  In  proportion 
to  the  extent  to  which  these  forms  confine  themselves  to  a  floral 
diet,  are  the  structural  characters  displayed  in  them  which  mark 
oflF  tiie  Lepturuke  from  other  CeraTiiltycidcc,  and  which  fit  them  for 
feeding  on  honey,  whether  superficially  or  more  deeply  placed,  viz. 
the  elongation  of  the  head  forwards,  a  neck-like  constriction 
behind  the  eyes,  and  consequently  the  power  to  direct  the 
mouth  forwards,  the  prothorax  elongated  and  narrowed  anteriorly, 
and,  as  I  have  found  by  a  comparison  of  the  mouth-organs,  the 
development  of  hairs  upon  the  lobes  of  the  maxilla. 


Fiu.  3.— AdAiitatioiiB  in  Iketlcs  for  feeding  on  honey. 

\.—Leiofu»  nehulomi.  L.  never  visiting  flowers.  Head  bent  downwards,  no  neck  l)chind  the 
^7^<^  prothorax  broad,  lobes  of  tiie  maxilla  (lb)  ftimishcd  with  bristly  liaim. 

S. — CZjrfiM  arUiU,  L.,  occasionally  visiting  the  flowers  of  Umbellifene  and  Rosacea.  Head  less 
bent  downwards,  leas  broad  behind  the  eyes ;  prothorax  longer  and  narrower  ;  outir  lobe  of  maxilla 
i^dUa^  2b)  set  with  longer  hairs. 

t.—Lepiura  lividay  F.,  exclusively  anthophilona,— Umbelliferse,  Rosiflora?,  Compositse,  Convol- 
mlna,  and  othera.  Head  elongated  and  directed  forwards,  with  a  distinct  neck  benind  Uie  eyes ; 
prothonx  still  narrower ;  both  lobes  of  the  maxilla  (gaUa  and  laeinia)  with  long  hairs  (35). 

A.—Strangalia  oitenHaia^  L. ,  exclusively  anthophilous,  and  able  to  lick  honey  fW)m  the  corolla  of 
Semhio—  arventi*  (4  to  6  mm.  in  length).  Characters  those  of  the  preceding  species,  but  the  pro- 
Uiorax  is  stUl  longer  and  still  more  narrowed  anteriorly ;  both  lobes  of  the  maxilla  have  lone 
hairs  (45). 

All  these  modifications  form  so  complete  and  gradual  a  series, 
from  those  Cerambyddce  which  never  visit  flowers,  and  those  which 
can  only  lick  superficially  placed  honey,  up  to  Strangalia  atteniiata, 
which  can  reach  the  honey  in  Scabiosa  arvensis  at  the  base  of 
tubular  florets  4  to  6  mm.  long,  that  the  little  steps  by  which  natural 
selection  has  operated  may  be  clearly  traced. 

The  order  of  Coleoptera  is  thus  of  special  interest,  as  affording 

us  the  first  tendency  of  insects  towards  floral  diet,  and  the  first 

corresponding  modifications.      We  see  how,  in  the  most  diverse 

families,  accustomed  to  widely  varying  nourishment,  single  species 

have  become  habituated,  first  partially,  then  exclusively,  to  a  floral 

diet,  and  that  then,  by  natural  selection,  structural  changes  have 
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developed  to  insure  greater  success  in  the  search  after  food ;  ^  and 
we  can  distinguish  how  a  dependence  on  flowers  has  sprung  up  at 
different  epochs  of  time,  for  in  some  beetles  there  has  been  time 
for  the  attainment  of  adaptations,  and  then  for  their  divergence 
to  form  genera  and  families ;  while  others,  which  have  acquired 
the  habit  later,  remain  isolated  anthophilous  species  among  near 
allies  which  never  resort  to  flowers.* 

Diptera  and  Thysanoptera. 

The  Diptera  stand  on  a  higher  grade  than  the  Coleoptera  in  the 
matter  of  adaptation  to  a  floral  diet,  and  are  of  far  more  importance 
for  fertilisation.  While  only  a  small  fraction  out  of  all  the 
species  of  Coleoptera  resort  to  flowers,  probably  the  majority  of  the 
Diptera  do  so.  While,  further,  the  mouth-organs  of  our  native 
beetles  show  only  commencing  adaptations,  which  extend  at 
most  over  small  families,  and  may  be  easily  traced  by  intermediate 
stages  to  their  origin,  in  flies  and  gnats  the  mouth  is  so  deeply 
modified  that  it  is  exceedingly  diflScult  to  trace  back  its  parts  to 
the  primitive  form  of  the  original  biting  insect-mouth.^  For  our 
present  purpose  it  will  suflice  to  discuss  the  structure  of  the 
mouth-organs  and  the  manner  of  using  them  in  those  Diptera  which 
are  specially  important  as  fertilisers  of  our  native  flowers,  without 
entering  into  questions  of  phylogeny. 

The  family  of  the  Drone-flies,  etc.  {Syrphiclcc),  are  alone  of  far 
more  importance  as  fertilisers  than  all  our  other  Diptera  put 
together.  Most  of  their  numerous  and  often  very  common  species 
depend  mainly  or  exclusively  on  a  floral  diet,  and  in  this  family  are 
found  the  most  perfect  adaptations  to  a  diet  alternately  of  pollen 
and  honey.     Accordingly,  to  illustrate  the  mouth-organs  of  flies,  I 

*  I  have  fully  discussed  the  development  of  a  dependence  on  flowers  iti  beetles  in 
a  special  work.  This  treats  of  the  firat  transition  to  a  floral  diet ;  the  progress 
towards  entire  dependence  on  honey  and  pollen  ;  the  attainment  through  practice 
of  a  certain  ease  of  action  upon  flowers,  and  its  liereditary  transmission ;  and 
the  similar  behaviour  of  difl*erent  beetles  which  have  acquired  equal  degrees  of  structural 
adaptation  (H.  Miiller,  *'Die.  Entwickelung  der  BlumenthdtigkeU  der  Insekltii^** 
Koitmo.'i,  Bd.  ix.  pp.  258-272). 

^  The  above  reiers  only  to  our  indigenous  forms.  Tropical  and  subtropical  beetles 
show  far  more  striking  adaptations  to  a  floral  diet.  For  instance,  in  a  NemognatKa 
which  my  brother  Fritz  Miiller  observed  sucking  flowers  of  Convolvulus  at  Itajahy 
and  sent  to  rac,  the  maxillae  are  transformed  into  two  sharp  grooved  bristles  12  mm. 
long,  which  when  opposed  form  a  tube  like  the  proboscis  or  a  butterfly,  but  of  course 
not  capable  of  being  rolled  up  (cf.  H.  Miiller,  "  J?m  Kdfer  mU  Schvu-UerlingorU-'iael/* 
Ktmno.%  B(l.  vi.  pp.  302-304  ;  Hagen,  Pror.  of  the  Boston  Soc.  of  Nat.  JJist.  vol.  xx. 
pp.  429,  430,  1880  ;  H.  Mullor,  Komios,  Bd.  x.  p.  56). 

'  I  have  explained  my  view  of  the  descent  of  Diptera  from  Phryganidm  in  a 
paper  entitled  ** Anxoendnng  der  Darmnschcn  Lr.hrr,  auf  Bltn/ien  und  hlumen- 
t>esiic?imde  InAekt^rif**  Vcrh.  der  Xatxirh.  Ver.  fUr  pr.  KhHnl.  u.  Wcstf.  1869. 
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take   the   most  specialised  and   most  abundant  of  the  Syrphida:, 
SrisUUia  and  Bhingia. 

In  ETigtalis  the  outstretched  proboscis  is  seen  to  be  composed  of 
three  segments  (Fig.  4,  4,  5,  6,  and  Fig.  5,  1):  (1)  the  mem- 
branous basal  piece  (j),  which  bears  anteriorly  two  unpaired  (A,  i) 
and  two  paired  (k  k)  elongated  chitinous  pieces,  and  external  to  the 
latter  two  palps  (/  /) ;  (2)  the  membranous  and  very  contractile 
middle  segment  (/),  only  clearly  separated  on  the  lower  surface  ; 
and  (3)  the  extremity  of  the  proboscis,  supported  beneath  by  a 
stiff  chitinous  plate  (c),  and  bearing  at  its  apex  two  contiguous 


—Had  at  S.a 


— EllBudfd  proboMli  of  E.  U 


no.  4.— Mouth-iMrtii  of  ErUlalU  <l :  I). 
>niii  Hitli  relncted  proboscis,  Irooi  tbe  tkle. 
iscls.  from  ibon. 


iipp«r  ildB  oT  the  polot  of  the  proboscli '.  t.  harder  ( 
Uk  proboids :  /,  contncUle  middle  put  ot  th«  pi 

Kper  lip  (lafcnim).  KTooved  nadeniMtfi  to  recelvo  the  nnpaired  pfere  (0. 
I  tiro  mied  msDdiblei ;  i,  nuollls :  J.  dibiIJUtt  pLlp  ;  in  «.  edffes  of  U 
-■    -•-■--■■----  •-       -      ■   IswlUiSiswn;  B,  Mcrplti     " 
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flaps  or  lips  each  of  two  parts  (c  c  and  d  c'),  and  on  its  upper 
surface  a  longitudinal  groove.  Of  the  chitinous  pieces  at  the 
end  of  the  first  segment  of  the  proboscis,  only  the  superior  un- 
paired one  (A),  which  is  prolonged  under  the  membrane  to  the  head, 
can  be  looked  upon  as  an  upper  lip  (lahrum) ;  the  lower  one  (t)  seems 
to  be  formed  by  coalescence  of  the  two  mandibles.  The  upper  lip 
(A)  forms,  with  its  concave  side,  a  groove  directed  downwards  into 
which  the  piece  i  can  be  completely  withdrawn ;  between  the  bases 
of  these  pieces  h  and  i,  when  drawn  wide  apart,  the  small  opening 
of  the  mouth  can  be  seen.     The  free  ends  of  the  two  chitinous 
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pieces  h  k  arise  on  each  side  somewhat  below  the  coalesced  man- 
dibles (it),  and  bear  palps  on  their  outer  sides ;  these  are  there- 
fore, without  doubt,  to  be  looked  upon  as  the  maxillsB  with  their 
palps,  while  the  basal  parts  of  the  maxillae  have  coalesced  with 
the  base  of  the  lower  lip  {g)  (lahium),  and  are  dimly  visible  below 
the  skin  (4,  l\  Fig.  4).  The  contractile  piece  (/)  and  the  piece 
supported  by  the  chitinous  plate  (e),  form  together  the  free 
superiorly-grooved  anterior  part  of  the  lower  lip;  /  and  e 
probably  represent  the  submentum  and  mentum.  The  flaps 
(cc)  are  probably  not  the  palps  but  the  modified  paraglossae 
borne  on  the  ligula,  though  Burmeister  prefers  to  consider  them 
as  labial  palps. 

Let  us  now  consider  how  these  structures  are  disposed, 
(1)  when  feeding  on  pollen  ;  (2)  when  sucking  honey ;  (3)  when 
at  rest. 

(1).  In  feeding  on  pollen,  the  fly  stretches  out  its  extensible 
proboscis,^  moving  it,  according  to  need,  straight  forwards,  out- 
wards, or  upwards,  grasps  with  the  two  flaps  at  its  extremity  a 
little  mass  of  pollen,  rubs  this  down  to  single  grains  by  a  rapid 
motion  of  the  flaps,  and  passes  it  backwards  by  the  same  motion 
into  the  groove  on  the  lower  lip ;  in  this  groove  lies  the  upper  lip, 
which  is  grooved  below,  and,  within  that,  the  chitinous  pieces  which 
are  presumably  formed  by  coalescence  of  the  mandibles,  and  are  now 
prepared  to  seize  the  pollen.  As  soon  as  the  pollen  is  sent  back- 
wards by  the  terminal  flaps,  these  chitinous  pieces  separate  slightly 
the  parts  which  immediately  surround  the  mouth-orifice,  seize  the 
pollen  now  lying  in  the  groove  of  the  lower  lip,  and  thrust  it 
backwards  into  the  mouth.  After  a  few  seconds  the  first  portion 
is  swallowed,  and  the  same  series  of  actions  begins  anew.  When  the 
pollen-grains  are  united  into  long  strings  by  elastic  threads,  as  in 
(Enothera,  an  action  of  the  forelegs,  alternating  with  the  movements 
just  described,  is  necessary  in  order  to  free  the  pollen-grains  from 
the  threads.  After  the  fly  has  torn  away  a  little  mass  of  pollen 
from  the  anther,  it  brings  up  its  forefeet  to  its  mouth  while  stand- 
ing on  its  mid  and  hindlegs;  then  taking  the  cord  of  elastic 
threads  between  its  forefeet,  and  rubbing  them  together  as  if 
washing  its  hands,  it  tears  the  threads  asunder,  and  frees  proboscis 
and  legs  from  them.  Sometimes,  to  clean  the  terminal  flaps  from 
adhering  pollen,  it  takes  its  proboscis  in  its  forefeet,  and   rubs  it 

^  In  FrUtalis  tenaXf  which  attains  a  len^h  of  15  mm.,  the  outstretched  pi*obo8cis 
is  7  to  8  mm.  long  ;  in  E.  arbustorum,  which  is  10  mm.  long,  the  proboscis  is  4  to  5 
mm.  long. 
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gently  between  them.  A  remarkable  peculiarity  of  the  flaps, 
shown  in  Fig.  5,  makes  them  admirably  adapted  for  seizing  the 
pollen,  for  grinding  it  down,  and  for  passing  it  backwards ;  the 
apposed  surfaces  of  the  two  flaps  being  closely  set  with  parallel 
ric^j^  of  chitin,  by  which  the  pollen-grains  are  easily  held  fast,  and 
shoved  into  the  entrance  of  the  groove  (ft). 
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This  peculiarity  is  undoubtedly  developed  in  connection  with  a 
pollen  diet,  for  it  is  obviously  advantageous  thereto ;  and  it  is  only 
found  in  those  families  of  Diptera  which  visit  flowers  to  obtain 
both  pollen  and  honey  (Syrphidw,  Mvscida,  Stratioviyidm),  and  is 
absent  in  those  which  avail  themselves  of  honey  only  {Bomlyliidas, 
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Empidoe,  and  Conopidce),  and  in  the  gnats,  which  are  also  purely 
suctorial.^ 

(2).  In  sucking  honey  the  SyrphidcR  place  the  grooved  upper  lip 
(A,  1,  Fig.  5),  and  the  chitinous  piece  (t)  together,  to  form  a  tube 
which  is  inclined  downwards  and  inclosed  within  the  groove  on 
the  lower  lip.  The  terminal  flaps  may  now  be  useful  in  two  ways ; 
they  may  either  be  laid  close  together  (as  in  1,  Fig.  5)  while  the 
membranous  middle  joint  (/)  of  the  lower  lip  is  so  far  drawn  in  that 
the  suctorial  apparatus  inclosed  within  the  groove  of  the  lower  lip 
protrudes  in  front  of  the  flaps  and  dips  into  the  fluid  to  be  sucked  ; 
or  they  spread  out  the  flaps  wide  apart  so  that  their  rough  inner 
surfaces  rest  upon  the  support,  and  the  point  of  the  suctorial 
apparatus  protrudes  at  the  end  of  the  groove  on  the  lower  lip. 
Flies  with  swollen  cushion-shaped  flaps  (Syrphus  baUeatvs,  Fig.  7) 
act  usually  in  the  latter  way,  those  with  long  narrow  flaps  {Rhingia, 
Fig.  6)  adopt  exclusively  the  former.  Both  pollen-grains  and  fluid 
which  have  been  carried  into  the  tube  formed  by  the  chitinous 
pieces  h  and  i,  are  aided  in  their  passage  to  the  mouth  by  means  of 
the  sucking  stomach  in  connection  with  it.  The  maxillae  and  their 
palps  seem  to  play  no  part  either  in  sucking  or  in  feeding  on 
pollen,  and  hence  must  be  looked  upon  as  useless  appendages  in 
the  Syrphidcc. 

(3).  To  guard  the  proboscis  when  at  rest,  the  fly  draws  the 
membranous  basal  piece  g  backwards  and  downwards,  the  upper  lip, 
mandible,  and  maxillae,  with  their  palps  fold  upwards,  the  contrac- 
tile middle  piece  (/)  is  closely  drawn  up,  forming  a  few  membranous 
folds  at  the  lowest  part  of  the  proboscis,  the  homy  plate  {e)  and  the 
flaps  (c)  fold  upwards  and  forwards,  and  the  whole  proboscis  now  lies 
so  deeply  hidden  in  the  deep  cavity  underneath  the  snout-like 
prolongation  of  the  head  (m,  1,  2,  Fig.  4),  that  at  most  the  terminal 
flaps  protrude  slightly  (1,  Fig.  4).  On  examining  the  head  now 
from  below  (2,  Fig.  4)  one  sees  in  the  cavity  only  the  flaps  c  c\ 
and  beneath  them  the  upper  part  of  the  chitinous  plate  (e),  whose 
lower  part  lies  hidden  in  the  folds  of  the  contractile  part  of  the 
proboscis. 

A  further  advance  on  these  adaptations,  fitting  them  still  more 
completely  for  their  threefold  requirements,  is  conceivable,  if  to 
a  still  more  elongated  proboscis  there  is  added  a  greater  develop- 
ment of  the  snout-like  prolongation  of  the  head  which  covers  it 

*  I  have  never  observed  the  Tabanidce  to  feed  on  pollen,  though  their  end-flaps  are 
roughened  with  chitinous  ridges  ;  but  I  have  often  found  Tabanus  micana  and  T. 
luridus  on  flowers,  and  I  think  it  not  unlikely  that  they  sometimes  feed  on  pollen. 
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when  at  rest.  Such  a  state  of  things  is  found  in  Bhingia,  where 
the  proboscis  (11  to  12  mm.  long),  exceeds  in  length  the  whole  body 
(10  mm.),  and  is  not  surpassed  by  that  of  any  indigenous  fly.^ 

In  anthophilous  insects,  the  power  to  detect  hidden  honey  ad- 
vances parallel  to  the  structural  adaptations  for  securing  it.  When 
Sprengel  described  flies  as  stupid  insects,  incapable  of  finding 
out  honey  which  lay  concealed,  that  statement  applied  to  the  great 
majority  of  short-tongued  forms,  but  not  at  all  to  forms  with 
long  proboscides,  such  as  the  Syrphidce,  Bombyliidoe,  Conopidce,  and 
Brnpidce, 

Bhingia  takes  a  foremost  place  in  intellectual  acuteness,  as 
in  the  length  of  its  proboscis,  and  there  is,  I  think,  no  flower 
which  affords  honey  attainable  by  it,  that  it  does  not  discover 
and  make  use  of.  For  instance,  the  deeply-hidden  nectaries 
of    the   Iris  ai-e    more   frequently   visited    by   Bhingia    rostrata 
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Fio.  6.— Proboscis  of  Biiingick  roitrata,  L. 

1.— Side  view  of  head  with  retracted  proboscis. 
S.— Ditto,  at  the  moment  when  the  proboscis  begins  to  unfold. 
3.— Ditto,  with  fUUy  extended  proboscis. 

4.~Head,  with  retracted  proboscis  seen  Arom  below,  twice  as  much  magnified  as  in  the  three 
flrnt  flgures. 

Lettering  as  in  Fig.  2. 

than  even  by  humble-bees,  though  Sprengel  (p.  74)  considers 
that  no  insects  save  bees  can  find  them,  and  adds  that  this 
goes  without  saying  in  the  case  of  flies,  which  are  so  obviously 
too  stupid. 

But  even  in  the  Syi'phidce,  only  a  few  species  have  acquired  so 
highly  specialised  a  proboscis  as  Eristalis :  the  great  majority  have 
a  proboscis  formed  on  a  similar  plan,  shown  in  Fig.  7.  The  labium 
is  much  shorter,  its  extensible  middle  joint  is  wanting,  the 
terminal  flaps  are  swollen  and  cushion-shaped,  and  there  is  a 
corresponding  diminution  in  intellectual  power.  Of  the  families 
of  Diptera  besides  Syrphidm,  the  Muscidm,  Stratiomyidce,  Bambyliidce, 
Conopidce,  and  Empidw  are  of  some  importance  in  the  fertilisation 

^  Bambylius  discolor,  Mik.,  alone  equals  it  in  the  length  of  its  proboscis  ;  Bombiflua 
major,  L.,  approaches  it  HO  mm.) 
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Of  these  forms  the  first  two  families  both  suck  honey 
1  pollen;  the  last  three  suck  honey  only. 

The  pollen-eating  Muscidcf  and  Stra- 
tiomyid/E  have  the  same  soft,  cushion- 
shaped,  swollen  end-flaps,  and  the  same 
chitinous  ridges  thereon,  as  the  Syrpkid(s  ; 
and  in  spite  of  some  structural  differences, 
they  use  their  mouth-organs  in  the  aanie 
way,  and  retract  them  when  at  rest  into 
a  cavity  below  the  head.  The  merely  suc- 
torial species  of  Bombyliut,  Empii,  and 
Conops  have  end-flaps  not  provided  with 
soft  cushions  with  horny  ridges,  but 
forme<l  simply  of  strong  chitinous  plates, 
which  serve  tu  transmit  the  suctorial 
apparatus;  and  the  proboscis  cannot  K> 
withdrawn  into  a  cavity.  So  we  may  con- 
nlude  that  the  power  of  withdrawing  the 
proboscis  into  a  cavity  below  the  bead  is 
of  advantage  only  as  a  protection  for  the 
poll  en -feeding  apparatus,  and  has  been 
developed  indirectly  in  relation  to  anthopliilous  habits,  like  the 
snout-like  or  beak-like  prolongation  of  the  head  in  Sj/rphidce. 

Of  the  purely  suctorial  flies,  the  species  of  Emjiia  carry  their 
thin,  straight  proboscis  directed  downwards,  and  use  it  preferably 
iu  that  position ;  accordingly  they  resort  chiefly  to  erect  flowers, 
into  which  they  can  plunge  their  proboscis  vertically,  If  the 
flower  is  tubular,  and  so  long  as  to  require  it,  they  thrust  the 
whole  head  down  into  the  tube,  an  action  which  the  small  size 
of  the  bead  facilitates.  The  chitinous  piece  formed  by  coalescence 
of  the  mandibles  is  produced  into  a  sharp,  lancet-shaped  plate 
(I  used  Jiinpis  trssclafjim  for  investigation),  which,  guided  by  the 
elliptical  end-flnp3,  is  used  for  boring  into  juicy  structures,  such  as 
the  inner  wall  of  the  spur  in  Orchis.  Any  considerable  increase 
in  length  in  a  downward-directed  proboscis  is  clearly  impossible 
without  the  development  of  a  joint. 

In  the  habits  of  the  Empida  we  see  clearly  the  transition  from 
blood-sucking  to  honey-sucking.  Sometimes  in  a  single  species 
the  females,  which  reipiire  more  nourishment,  are  blood-suckers, 
while  the  males  suck  honey  only.'  In  Paltostoma  torrfniiwm 
{Blrpharoceridw}  two  dilferent  kinds  of  females  exist  together,  one 
■  H.  MfllUr.  A'o/iH-c.  vn!.  xsiv.  p.  214  ;  Karnnot,  vol.  ui.  pp.  41B-417. 
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blood-sucking,  the  other  honej-sucking ;  while  the  m&les  are  all 
alike  and  all  feed  on  honey.* 

In  the  Cotiopida,  the  proboscis,  which  is  still  carried  downwards, 
is  bent,  when  of  considerable  length,  at  the  base,  and  sometimes 
again  near  the  middle ;  and  then,  in  the  latttjf  case,  the  anterior 
part  shuts  up  into  the  posterior  like  the  blade  into  the  ^handle 
of  a  pocket-knife,  so  that  the  proboscis  may  still  be  earned  in 
a  vertical  position. 

The  species  of  Bomhylim,  on  the  other  hand,  carry  their  proboscis 
(which  is  likewise  too  long  to  be  carried  downwards  and  unbent) 
directed  straight  forwards,  and  permanently  ready  for  action.    They 


ilA,  man  highly  nugiitiled. 


thus  save  time,  sucking  as  tliey  hover  in  the  air  over  each  flower  with- 
out settling,  and  flying  rapidly  from  one  to  another.  In  the  length 
of  their  proboscis  they  approach  Rhingia,  Bombylius  major  having 
a  proboscis  10  mm.  long,  and  B.  discolor  one  of  11  to  12  mm. ;  they 
also  nearly  rival  Ehingia  in  their  powers  of  detecting  concealed 
honey.  The  species  of  Bombylius,  like  those  of  Empit,  are  fitted 
also  for  boring  into  succulent  tissues.  For  the  labium  and  the 
labrum  inclosed  by  it  form  two  grooves  uniting  into  a  tube  in 
which  the  maxillse,  as  two  very  fine  bristles,  and  the  mandibles, 
united  into  one  broad,  strong,  pointed  bristle,  move  backwards  and 
'  Fritz  MUller,  JTonniH,  vol.  Tiii.  pp.  37-42. 
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forwards,  The  labrum  itself  is  drawn  out  into  a  stiff,  fine  point. 
Both  the  labnim  and  the  united  miindibles,  held  between  the  long, 
narrow  end-flaps  (paraglosscs),  may  easily  be  stuck  into  soft  tissues. 
I  have  often  seen  species  of  Bomhylius  thniat  their  toogiiea  into 
honeyless  flowers  {e.g.  B.  caiiestens,  Mik,,  into  Hypcruiimpfr/oraium'), 
and  I  imagine  that  here  the  boring  apparatus  was  being  brought 
into  action. 

While,  so  far  as  I  know,  the  sjwcies  of  Bo?nifi/liua  and  the 
Conopida-  restrict  themselves  to  the  juices  of  flowers,  very  many 
other  anthophilous  flies  are  in  the  habit  at  times  of  sucking  all 
kinds  of  other,  often  uncleanly,  fluids.  Thus,  species  of  Eriatalia 
may  be  seen  feeding  eagerly  in  gutters,  H-atojikaga  and  Lticilia 
on  dung,  Sarcopftaga  on  putrid  flesh ;  even  Volucetla  htmiliylana, 
which  is  so  abundant  on  flowers,  I  noticed  in  May,  186!),  feeding 
on  a  floating  carcase,  and  returning  repeatedly  to  it  when  driven 
off.  Several  flowers  seem  to  have  acquired  an  ofi'ensive  smell  in 
relation  to  these  habits  of  flies. 

Of  the  second  main  division  of  Diptera,  the  gnats,  the  larger 
forms,  Tipula,  Bihio,  etc.,  are  of  very  second-rate  importance  in  the 
fertilisation  of  flowers;  they  bccasionally  lick  fully  exposed  honey, 
and  so  act  now  and  then  as  carriers  of  pollen.  No  flower  has 
become  specially  adapt.ed  for  them.  Tiny  species  of  midges,  on 
the  other  hand,  cjr.  Psychoda  phakEnoides,  which  bide  in  dark 
comers  in  the  daytime  and  fly  actively  in  the  evening,  are  the 
regular  fertilisers  of  the  remarkable  flowers  of  Aristolochia 
ClematUis  &nd  Arum  niai-iitatuvi,  vthich  afl'ord  dark  hiding-places 
for  their  visitors,  and  hold  them  in  a  temporary  prison;  others 
play  an  important  part  in  the  tertilisation  of  Adoxa  and 
Ch  ry»ospleni  v  m . 

The  group  of  Tbysanoptera  (Thrips)  are  by  their  small  size 
(hardly  1  mm.  long  at  most,  and  many  times  less  in  breadth)  fitted 
far  better  than  even  the  Ant.hocorid(r  among  the  Hemiptera  or 
Meliffelhes  among  the  beetles,  for  entering  all  sorts  of  flowers. 
Probably  few  flowers,  if  any,  are  altogether  exempt  from  their 
visits,  and  though  they  have  seldom  been  detected  in  the  con- 
veyance of  potlcti,  yet  from  their  great  abundance  their  vtdue  as 
fertilisers  must  not  be  overlooked.  It  must  be  almost  impossible 
to  exclude  these  tiny  insects,  when  we  try  to  isolate  a  plant 
experimentally  by  means  of  net-s.'  The  Thysanoptera  seek  both 
pollen   and   honey.      They   seize   a  single   pollen-grain   in   their 

'  Durwiu,  wLoBe  cxp«iiinent8  were  alwijs  iDBrked  by  ailminible  precituliune,  ulwuya 
kept  in  view  tlir  possibility  of  Thysuioptera  rntrring  throogh  his  Dels. 
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mandibles,  and  convey  it  to  the  mouth ;  they  obtain  honey  by 
applying  the  mandibles  and  maxillse  together  so  as  to  form  a  short, 
conical  sucking-apparatus.  Besides  a  floral  diet,  they  avail  them- 
selves, according  to  Westwood,  of  other  plant-juices ;  ^  they  injure, 

/  2 


Fio.  «.— r*rt|>t(Bl*ck-fly). 

\.—Thrip$^  seen  from  above  (x  30), 
2.— Its  heapd,  more  highly  magnifled,  fh>nt  view. 

3— Mandible.  4.--Maxilla.  5.— Labium. 

<J.— Leg.    e.  coxa ;  /,  femur  ;  «,  tibia  ;  t,  tarauR,  on  t!ie  cud  of  which  is  a  lucking  disc  Instead 
of  hookfl. 

for  example,  cucumbei-s  and  melons,  and  leave  the  leaves  on  which 
they  have  settled  dotted  over  with  small  dead  spots.  Thus  they 
agree  with  Diptera  in  availing  themselves  both  of  pollen  and  honey, 
and  in  not  restricting  themselves  to  a  floral  diet. 

We  may  here  mention  the  young  larvae  of  MeIoe\  called  by  Kirby  '  Pedi- 
cuius  MelitUB^  and  by  Dufour  Triungulinus,  which  resemble  the  Thysanoptera 
in  the  activity  of  their  movements,  and  in  their  minute  size  which  permits  entry 
into  all  flowers.  Although  they  visit  flowers  only  to  attach  themselves  as  para- 
sites to  bees,  they  feed  for  the  time  on  pollen  and  honey,  and  getting  thus 
dusted  with  pollen  they  play  a  part  similar  to,  but  even  more  subordinate 
than,  that  of  the  Thysanoptera. 

Hymenoptera. 

The  order  of  Hymenoptera  takes  a  still  higher  rank  than  the 
Diptera  in  regard  to  its  adaptations  for  a  floral  diet  and  its 
importance  in  fertilisation ;  for  the  great  majority  of  its  members, 
in  the  perfect  state,  are  entirely  dependent  upon  flowers.  Review- 
ing the  main  divisions  of  this  order,  the  Wood-borers  {Sirex,  L.)  are 
the  only  forms  which  I  have  never  found  upon  flowers ;  of  the  ants 
several  species,  of  the  Saw-flies  (Tenfhredo),  Ichneumons  (Ichneumon, 

^  Inlrodtiction  to  the  Modern  Classification  of  Insects,  ii.  p.  4. 
*  Monorpraphia  Apvm  AngJicc,  pi.  xiv.  fig.  10. 
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Bracon),  ChalcididaB  {Pteromcdus),  and  Ruby-tails  (Chrysis),  many 
species,  of  the  Wasps  (Diploptera)  and-  Sand-wasps  {Fossores), 
almost  all  which  I  have  had  the  opportunity  of  observing,  and 
of  the  bees  all  species  without  exception,  rely  almost  exclusively 
on  a  floral  diet.^ 

All  these  groups,  excepting  the  last  two,  are  only  capable  of 
sucking  honey  from  flat  exposed  surfaces,  and  even  among  the 
Sand- wasps  there  are  few  species  whose  proboscis  can  reach  some 
millimetres  into  a  tubular  flower;  so  that  a  large  proportion  of 
flowers  are  exempt  from  the  visits  of  all  Hymenoptera  except  bees. 
But  bees,  which  not  only  feed  when  in  the  perfect  state  exclusively 
on  the  produce  of  flowers,  but  nourish  their  young  thereon  also, 
are  in  such  intimate  and  lifelong  relations  with  flowers,  that  they 
show  more  adaptations  for  a  floral  diet,  and  are  more  important  for 
the  fertilisation  of  our  flowers,  and  have  therefore  led  to  more 
adaptive  modifications  in  these  flowers,  than  all  the  foregoing  orders 
put  together.  A  closer  study  of  bees  is  therefore  essential  for 
a  right  understanding  of  the  fertilisation  of  many  of  our  flowers. 


The  Family  of  Bees. 

The  various  structural  modifications  in  bees  will  be  most  easily 
understood,  if  we  arrange  them  in  the  natural  order  of  genetic 
descent.  For  the  grounds  of  my  views,  I  must  refer  the  reader 
to  a  special  essay  of  mine  on  the  subject  of  bees.^  If  my  conclusions 
are  correct,  bees  are  descended  from  certain  Sand- wasps,  which, 
like  the  species  at  present  existing,  pursued  spiders,  insects 
and  their  larvae,  disabled  them  with  their  sting,  carried  them 
to  their  nests,  and  laid  an  egg  beside  each,  thus  supplying  the 
resulting  larva  with  living  food, — while  the  perfect  insects  fed 
entirely  on  honey  and  pollen ;  these  were  the  founders  of  the  new 
race,  who  gave  up  the  old  manner  of  feeding  the  young  to  feed 
them  with  a  portion  of  their  own  food,  disgorged  from  their 
stomachs.  The  race  thus  started  difiered  at  first  from  the  others 
in  nothing  but  this  habit;  but  in  the  course  of  time,  filling 
an  unoccupied  place  in  the  economy   of  nature,   they    increased 

'  For  a  discussion  of  the  genealogical  relations  of  the  families  of  Hymenoptera  and 
their  gradual  acquirement  of  proficiency  in  anthophilous  habits,  consult  my  recent 
works, "  irie  hat  der  ffonigbiene  ihre  geistige  Befdhigung  erlanat  t  *'  (Ei^chnt^idlfr  Biencn- 
zcUung,  1875, 1876  ;  and  note  in  Nature,  vol.  xv.  p.  178)  and  "  DU  ErUwickelung  der 
Blumenlhatigkcit  der  JnsekUn,**  ii.  and  iii. 

'  "  Anwendung  der  Darrein  sehen  Lehre  axif  Bienen"  Verh,  der  nalurh.  Vet.  fikr 
pr,  Bhnnl.  u.  Westfal,  1872,  pp.  1-96. 
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enormously,  and  at  last  formed  the  widely  ramified  family  of  bees ; 
the  still  extending  branches  of  this  family,  our  recent  bees,  show 
us  in  many  ways  gradations  in  their  adaptations  to  a  floral  diet, 
which  help  us  to  recognise  to  some  extent  the  lines  of  their 
evolution. 

The  species  of  Prosojris  stand  just  on  the  same  level  with  the 
primitive  ancestral  types  of  bees.  In  their  almost  hairless  bodies, 
the  narrow  first  tarsal  joint,  scantily  provided  with  hairs  (Fig.  10,  t'), 
and  their  very  slightly  elongated  mouth-parts,  they  completely 
resemble  the  Sand-wasps,  and  only  claim  to  be  admitted  to  the 
family  of  bees  by  their  manner  of  feeding  the  young.     They  fill 


Fio.  10. — Right  hiDdleg  of  ProaopU  varUgata^  9 .    Sveu  tton.  behind. 

e,  coxa ;  tr,  trochanter :  /,  femur ;  «,  tibia  :  I,  tarsus :  (',  first  Joint  of  tarsus. 
(The  tibia  and  tarsus  are  drawn  too  hairy). 

their  brood-chambers  (which  are  lined  with  a  hard  cement  by 
means  of  the  broad  tongue)  with  a  mixture  of  disgorged  honey 
and  pollen,  which  serves  as  food  for  the  larvce  on  hatching.  These 
little  active  insects,  which  themselves  have  a  peculiar  odour,  prefer 
strongly  scented  fLovrer^,  lles(^ayButa,Lepidiummtivum,Afatricaria^ 
Achillcea,  etc.,  where  they  alternately  suck  honey  and  eat  pollen. 
In  spite  of  their  smooth  bodies,  sticky  pollen  adheres  frequently 
to  them,  especially  to  the  parts  of  the  mouth  and  to  the  slightly 
hairy  legs ;  these  have  feebly  developed  brushes  on  their  tarsi 
(Fig.  10,  t'),  by  which  the  bee  can  clean  the  whole  upper  surface 
of  its  body  after  burrowing,  but  no  other  part  of  the  body  has 
any  development  of  hairs  suited  for  collecting  pollen. 
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Though  the  species  of  Prosopis  are  thus  uo  better  fitted  for  a 
floral  diet  than  many  Sand-wasps,  they  are  of  far  greater  import- 
ance as  fertilisers  on  account  of  their  more  frequent  visits  to  flowers, 
in  procuring  food  for  the  young.  We  must  consider  minutely  the 
form  and  action  of  their  mouth-oi^ans,  to  understand  the  higher 


1.— Bntd  witli  mnpldtaly  roU«l  monih-pirt*.    Bhd  I 

a— Pmnl  iBrtodiMd,  •ftraUi«in»ndlbl»li«T«  ilfiergpd unl  thi 

It.— Montli'Iiartatii  tbiuiHparitloD:  innrc)ii|«til7nugninul, 

S.— Mnutb-pert*,  alUt  elevation  of  the  DUuUte,  iuuiltkt]>  uidtabU]  palpi,  jinil  with  ihe  tnifnie 
pwUr  ciUsdtd :  niupiH«i|  u  Id  %b. 

*.— Vcntnl  -Atw  or  IVont  nglon  nf  hnd  anci  coniplrle  extcnilDn  of  (he  mngth-imrla  i  niaf!nini'il 
w  In  I  uid  X. 

A\, — Tb^  complfrt«]7  sTtendcd  moutb-pirtfe;  tiugnlricd  ah  In  2b  and  3- 

Ibr,  liibTlua  ;  ih4.  mnidlblni :  c,  enitlD;  H.  itipM;  'd,  limLiiA;  pm,  nuullluT  fwlp ;  nf.  tnDtitmri  ; 
II,  llgnia  (longue) :  fa.  pangloaw ;  ft,  tiiblal  t«lp ;  o,  rye. 

and  more  specialised  forms  of  mouth  in  bees.  When  at  rest  (1, 
Fig.  11),  the  maxillse  and  labium  in  Prosopis  are  withdrawn  into  a 
cavity  on  the  lower  surface  of  the  head,  which  they  completely 
They  are  retracted,  not  as  in  flies,  by  the  contraction  of  a 
membranous  piece  into  transverse  folds,  but  by  the  folding  up  of 
tiff  chitiiiouB  pieces  jointed  together.      The  two  basal  pieces  or 
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cardines  of  the  maxillae  (cc,  4,  Fig.  II),  are  hinged  by  two  joints  to 
the  sides  of  the  cavity  below  the  head,  so  that  they  can  rotate 
backwards  and  forwards.  In  the  state  of  rest  they  are  bent  back- 
wards ;  the  next  segments  [stipites)  (st),  and  the  mentum  which  is 
placed  between,  are  drawn  back,  so  as  to  cover  the  cardines 
completely.  The  laminai  of  the  maxillae  (la),  with  their  palps 
(pfn)  and  the  labial  palps  (pi),  are  also  folded  over,  downwards 
and  backwards,  and  the  mandibles  (pncT)  are  laid  over  the  bases  of 
these  parts,  and  also  cover  the  retracted  tongue  (It)  and  the  down- 
ward-folded upper  lip  (Ihr,  2,  Fig.  II).  In  the  state  of  rest,  the 
mandibles  alone  are  free  to  act,  without  any  other  part  of  the  mouth 
changing  its  place.  When  they  are  separated  (2,  Fig.  11),  the 
upper  lip,  the  tongue,  the  bases  of  the  retracted  maxillae,  the 
maxillary  and  labial  palps,  come  into  view. 

When  the  bee  wants  to  suck  honey,  it  extends  its  maxillae  and 
maxillary  and  labial  palps  forwards,  and  spreads  out  its  tongue 
(3,  Fig.  II);  then  turning  the  cardines  of  the  maxillie  forward 
(c  c,  4,  Fig.  II)  on  their  hinges,  the  maxillae  and  labium  (mentum 
and  tongue)  are  advanced  by  twice  the  length  of  these  cardines, 
and  the  tongue  may  now  be  introduced  into  honey-receptacles  if 
not  too  deep  or  narrow. 

The  Sand-wasps  possess  in  quite  a  similar  manner  the  power  of 
folding  up  the  lower  parts  of  the  mouth  to  bite,  and  extending 
them  to  suck,  and  so  Prosopis  can  show  no  advance  in  fitness 
for  a  floral  diet  beyond  the  ancestors  of  the  bees.  The  only 
peculiarity  which  Prosopis  has  developed  is  the  habit  of  lining  its 
brood-cavities  mth  slime,  which  hardens  into  a  thin  shell;  this 
habit  necessitates  a  short,  broad  tongue,  and  therefore  prevents 
the  development  of  a  long  tongue  fitted  for  obtaining  deeply- 
seated  honey. 

Considerably  higher  in  the  scale  than  Prosopis,  in  regard  to 
such  adaptations^  are  Sphecodes,  and  the  closely  allied,  but  still  more 
specialised  genera,  Halictus  and  Andrena.  In  all  three,  the  tongue 
(/t,  4,  Fig.  12 ;  1,  Fig.  13)  is  moderately  short,  and  is  enabled  to 
reach  more  deeply-placed  honey,  not  so  much  by  its  own  length  as 
by  the  increased  length  of  the  mentum  and  the  cardines.  Unlike 
Prosopis,  the  tongue  here  is  pointed,  and  more  or  less  covered  with 
hairs  and  fine  transverse  lines  at  the  tip;  since  it  has  become 
more  freed  from  the  task  of  nest-building,^  it  has  grown  narrower 
and  more  elongated  in  many  species  of  Andrena  and  Halictus,  to 

1  Theae  genera  line  their  brood-cavities,  whicli  are  generally  subterranean,  with 
very  little  ahme. 

£ 
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be  of  greater  service  in  honey-getting  (1,  Fig.  13).  In  a  state  of 
rest,  the  lower  parts  of  the  mouth  are  even  more  securely  hidden, 
and  the  mandibles  can  move  even  more  freely,  in  Spheeodes  and 
many  species  of  Halietus  than  in  Prosopis,  for  the  upper  lip  (/6r,  2, 
Fig.  12)  folds  down  and  completely  covcis  the  laminee  and  maxillaiy 
and  labial  palps. 

The  three  genera  Splueodfs,  Halietui,  and  Andrena  have  advanced 
farther  from  the  state  of  the  ancestral  bees  in  regard  to  the  develop- 
ment of  their  hairy  coat  than  of  their  mouth-parts.  Spha»des  has 
made  the  first  step  in  advance ;  Halietus  and  Andrena  have 
proceeded  farther. 


1— RifAthindlrRor  a  #<Mw,L  9..h)iid 
£— H«d,  vllhiHDillblranpeHd,  battteli 
3  —Head,  ittn  itmoni  of  Ux  siwidibln  m 
4.— Budof  lihlon.  ranrthij^lT 


In  Sptiffodrs  the  whole  body  b  sparingly  ooveretl  with  haira 
which  show  the  first  traces  of  feathery  branching;  the  legs  at« 
more  thickly  clothed  with  hairs,  especially  the  outer  side  of  the 
tibuB  of  the  hindlegs  (W,  1,  Fig.  12);  the  tarsi  (*',  I,  Fig.  121  are 
about  as  narrow  as  in  Pmaojm.  but  the  bnishes  on  their  inner  side 
are  a  little  better  developed.  The  species  of  Sj^trndrji  feed  their 
youi^  in  a  most  primitive  manner,  \iz.  on  the  dif^>rp?d  surplus  of 
their  own  food ;  yet  they  certainly  derive  advantage  from  the 
hairy  covering  on  their  body  and  hindl^s,  for  the  pollen  which 
sticks  there  in  their  visits  to  flowers  they  wipe  oflF  with  their  tarsal 
brashes  and  use  incidentally  as  food  for  themselves  or  their  young. 


PAETii.]     THE  INSECTS  WHICH  VISIT  FLOWERS.  61 

In  the  exceedingly  numerous  species  of  Halictva  and  Andrena, 
the  hairj  covering  of  the  hindlegs  has  so  increased,  and  the 
development  of  tarsal  brushes  has  become  so  perfect,  that  the 
practice  of  feeding  the  young  on  pollen  collected  by  these  hairs, 
which  was  only  a  secondary  matter  in  Spfucodes,  is  here  exclusively 
or  mainly  relied  upon.'  The  collecting  hairs  are  spread  over  the 
whole  hindleg  from  the  tibia  to  the  coxa  {2,  Fig.  13) ;  even  the 
last  joint  of  the  thorax  sometimes  bears  two  large  tutts  of  hairs. 


ft,  labial  palp. 

S.— Blgbt  bisdlcg  uf  Um  ain 
S.— XtUUioni  iDd  right  hi 


t.- Single  hal 
idfaere  totbtdrfe 


I?  of  an  A  p 


',  Nil.  !  :  X  tlgbttan  or  hair  on  latU- 
len  on  a  HiUoir.    Mumtroua  poUeD^gralDg 


under  which  considerable  masses  of  pollen  can  be  lodged  (3,  Fig.  13). 
By  a  notable  increase  in  breadth  of  the  tarsi,  the  carrying-power 
of  the  tarsal  brushes  is  increased. 


in  capbre  •pcoimem 
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In  Andrena  and  Halidtis,  although  the  chief  supplies  of  pollen 
are  obtained  by  means  of  the  hindlegs,  yet  in  these  and  in  all  other 
hairy  bees  the  hairy  covering  of  the  body  is  undoubtedly  of  advan- 
tage. In  many  flowers  this  gets  dusted  without  any  direct  eflfort 
with  a  considerable  quantity  of  pollen,  which  is  then  cleared  oflF  by 
means  of  the  tarsal  brushes.  In  almost  all  bees  highly  specialised 
for  a  floral  diet,  we  find  the  body  more  or  less  thickly  clothed  with 
long  feathery  hairs. 

The  development  of  the  hairy  covering  is  of  the  highest  im- 
portance for  the  fertilisation  of  flowers.  For  as  the  hairs  easily  take 
up  pollen,  they  give  it  up  again  as  easily  to  viscid  or  rough  stigmas. 
It  would  far  exceed  the  limits  of  our  space  to  discuss  the  adaptive 
modifications  present  in  all  the  groups  of  our  indigenous  bees. 
I  can  only  explain  the  further  development  of  the  pollen-col- 
lecting apparatus  and  of  the  lower  parts  of  the  mouth  by  a  few 
examples. 

We  have  seen  in  Sphecodes,  Hcdidus,  and  Andrena,  how  the 
development  of  pollen-collecting  hairs  has  gradually  reached  an 
extreme  pitch  on  those  parts  of  the  body  where  the  burden  is 
least  endangered  by  the  movements  of  flying  and  creeping;  viz. 
on  the  whole  of  the  hindleg  from  the  tarsus  to  the  coxa,  and  on 
the  hind  part  of  the  thorax.  In  forms  higher  than  Andrena  and 
Halictits,  this  collecting  apparatus  has  attained  still  greater  per- 
fection, in  getting  more  and  more  restricted  to  those  sections  of 
the  hindleg  to  which  the  tarsal  brushes  can  most  readily  apply 
the  pollen  that  they  have  collected,  viz.  the  tarsus  and  tibia.  In 
the  highest  forms,  this  localisation  of  the  collecting-hairs  has  been 
attained  without  diminishing  the  mass  of  pollen,  by  an  increased 
growth  of  hairs  on  the  tibia  and  tarsus  and  a  withdrawal  of  the 
more  distal  hairs :  this  we  see  most  clearly  in  Dasypoda  and 
Panurgm, 

In  Dasypoda  (1,  Fig.  14),  the  collecting-hairs  of  the  tibia  and 
tarsus  have  become  so  long  that  they  can  carry  a  much  greater 
load  of  pollen  than  the  far  more  extensive  collecting  apparatus  of 
Andrena  jyratensis,  Nyl.  (3,  Fig.  13) ;  but  the  hairs  on  the  femur, 
trochanter,  and  coxa,  are  long  and  thick  enough  to  take  a  large 
share  in  the  work.  In  Panurgus  (2,  Fig.  14),  the  collecting  apparatus 
consists  solely  of  the  long  hairs  upon  the  tibia  and  tarsus.  A 
further  advance  is  seen  in  Eucera  and  Anthophora,  where  an  increase 
in  breadth  of  the  pollen-collecting  surfaces  of  the  tibia  and  tarsus 
compensates  for  the  shortening  of  the  collecting-hairs. 

The  last  step  in  the  evolution  of  the  collecting  apparatus  on  the 
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hindlegs  was  attained  through  ti  new  habit,  which  rendered  possihie 
a  great  economy  of  collecting-hairs,  and  a  great  aaving  of  time  in 
emptying  the  collecting  apparatus  and  preparing  the  larval  food. 
This  was  the  practice  of  moistening  the  pollen  with  honey  before 
placing  it  in  the  collecting  apparatus,  so  as  to  form  one  connected 
mass  which  could  be  easily  removed  from  the  collecting  apparatus, 
and  at  once  used  to  feed  the  larvse. 

Maeropis  (I,  Fig.  15)  is  in  this  way  able  to  carry  large  balls 
of  pollen  mixed  with  honey  on  its  hindlegs,  though  the  tarsus  and 
tibia  are  clothed  with  comparatively  short  hairs  (2,  Fig.  15). 

In  Bomhus  (3,  Fig.  15)  we  have  a  still  farther  advance.  The 
pollen  is  kept  entirely  to  the  outer  side  of  the  hindlegs,  which 


lit  hliuU«g  of  Danro^^  ktrUpH.  ¥,  ?,  « 

Mm*  leg  of  PomrrtfiH /—■--' "    " 

Mmo  1«  of  Arlhof^ori 


-a  (Sorvporfi)  frinrtfi 


Ijads  to  a  still  greater  economy  in  collecting-hairs.  For  the  outer 
surfiice  of  the  tibia  of  each  hindleg  is  perfectly  smooth,  and  only 
surrounded  at  the  edge  with  a  fence  of  long  Imirs,  some  erect,  some 
bent  inwards,  forming  a  kind  of  basket,  in  which  the  pollen-mass 
can  be  heaped  high  over  the  brim.  So  that  not  only  is  there  a 
saving  of  collecting-hairs,  and  a  saving  of  time  in  unloading  the 
collecting  apparatus,  but  the  tarsal  brushes  of  the  hindlegs,  which 
even  in  Macropis  got  charged  with  pollen,  here  resume  their  free 
use  as  brushes. 

ApU,  finally,  stands  on  a  higher  level  than  Jionibus  in  the 
arraogement  both  of  its  collecting  apparatus  and  its  tarsal  brushes. 
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While  in  Bombus  the  collecting  basket  ia  walled  in  by  many 
irregular  rows  of  Btiff  hairs,  still  showing  traces  of  the  feathery 
branching  of  the  primitively  undifferentiated  hairy  coat,  in  Apis 
(a,  6,  Fig.  15)  these  hairs  liave  become  simple  smooth  bristles  with 
no  trace  of  feathery  branching,  and  arranged  in  a  few  close-set  rows, 
The  bristles  of  the  tarsal  brushes  in  Apis  {f  5,  Fig,  15)  are  arranged 
in  regular  rows,  and  much  more  uniformly  than  in  Btnnhus  (f  3, 
Fig.  15) ;  and  the  now  functionless  tibial  apure,  inherited  from  the 
Sand-waspa,  which,  with  most  other  bees,  they  aid  in  making  holes 
in  earth,  rotten  wood,  etc.,  have  disappeared  from  the  htndlegs. 

The  collecting  apparatus  of  the  hindlegs,  which  culminates  in 
the  hive-bee,  is  peculiar  to  one  of  the  two  main  divisions  of  bees  ; 


illMUng  it[ipuiitiu  of  the  hbidleg, 


It.  tihta.  ««.  frtnn  Ih,  n«t*ldr  (i^ilkn-Wket) 
-RIgbl  hlDlIcK  of  buney.lw  {Apli  milUJIra.  L.  g 
-III  KbU.  Hwn  ^ni  the  ogtilife. 
UdllgulBHg  10, 

1  Diiinnllr  ihowi  only  ■  iMe  >lew  of  tlie  hjilrs 

Shd  rmm  Ishlnd  wid  within. 

Seen  from  bchlnrt  anil  wiUiin 
n  tbr  ciulor  ai.rTiiM  of  tlic  tibiji  k 

in  the  other  division  a  collecting  apparatus  is  formed  by  hairs  on 
the  ventral  surface  of  the  abdomen.  In  these  forms,  at  least  in 
our  native  species,  we  cannot  trace  a  gradual  development  of  the 
collecting  apparatus  as  in  the  others ;  but  it  possesses  the  same 
main  features  in  all  genera  of  the  group  (Hcriades,  Chelottoma, 
Anthidvim,  Osmia,  C/ialicndoma,  Dipliysia,  MegachiU) ;  so  that  one 
example  will  suffice  for  all. 

The  whole  or  nearly  the  whole  ventral  aurfare  of  the  abdomen 
ia  covered  with  a  brush  of  stiff  bristles  inclined  backwards,  which 
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vary  in  length,  closeness,  and  colour  in  different  species,  but  are 
always  smooth,  without  trace  of  feathery  branching.  This 
abdominal  collecting  apparatus  differs  also  in  its  action  from  the 
collecting  apparatus  on  the  legs  of  the  other  forms ;  in  the  latter, 
the  tarsal  brushes  (formed  of  smooth  stiff  bristles)  sweep  the 
pollen  into  the  tufts  of  feathery  hairs ;  in  the  present  case,  the 
collecting  apparatus  consists  of  a  great  brush  of  feathery  hairs, 
which  themselves  sweep  up  the  pollen.  More  than  nine-tenths  of 
the  flowers  visited  by  bees  with  abdominal  brushes  are  such  as  are 
adapted  to  dust  the  ventral  surface  of  the  bee  with  pollen  (Fchium, 
PapilionaceWy  CompoaUce,  etc.)  without  any  action  of  the  tarsal 
brushes.  Bees  with  abdominal  brushes  may  be  seen,  for  instance, 
upon  a  composite  flower,  thrusting  their  tongues  quickly  into 
one  floret  after  another,  and  at  the  same  time  turning  round 
bodily  so  as  to  force  the  pollen  which  lies  free  on  the  surface  of 
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Fig.  16.  —  Alidoininal  collecting  apiiaratus. 

1. — Abdomen  of  (hmia  »pinulo$a.  K.    Ventral  view.    ( x  7.) 
2.— Lateral  view  of  the  same,    (x  7.) 


the  capitulum  between  the  hairs  of  the  brush.  The  brush  is  quite 
full  after  visits  to  a  few  capitula.  I  have,  for  instance,  very  often 
seen  Megachile  lagopoda,  K.,  acting  in  this  manner  on  Onopordum 
acanthium,  and  Osmia  spinulosa,  K.,  on  Carduus  acanthoides.  More 
rarely,  bees  with  abdominal  brushes  may  be  seen  feeding  on  flowers 
whose  pollen  gets  applied  to  their  backs;  in  such  cases,  the 
bee  makes  use  of  its  tarsal  brushes  to  sweep  off  the  pollen 
from  the  parts  where  it  has  fallen  into  the  abdominal  brushes. 
I  have  seen  Anthidium  manicatum  acting  in  this  manner  on  flowers 
of  Ballota  nigra. 

The  latter  mode  of  getting  pollen  is  adopted  only  exceptionally 
by  bees  with  abdominal  brushes ;  the  plan  of  sweeping  it  up  directly 
is  their  usual  method,  and  is  quicker  and  more  productive  than 
the  method  used  by  bees  whose  collecting  apparatus  is  on  their 
legs.      There  can  be  little  doubt  therefore   that  the  bees  with 
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abdominal  brushes  have  a<iapt«d  themselves  to  the  flowers  which 
were  fitted  to  ilcst  their  ventral  surfaces  {Papilionacex.  Compoeita:, 
Echium.  etc,),  and  the  contrary  view,  that  these  flowei-s  have 
become  adapted  to  the  bees,  is  untenable,  for  the  flowers  are 
visited  and  fertilised  by  other  and  far  more  numerous  insects ; 
still  more  untenable  is  Pelpinn's  idea  (e.g.  iu  regard  to  Hervules 
fruncorum  and  HeHanthiis)  of  mutual  predestination. 

While  a  pollen-collecting  apparatus,  as  we  have  seen,  has  been 
developed  in  very  different  ways  in  the  two  main  divisions  of  the 
family,  the  adaptation  of  the  mouth-parts  for  deeply-placed  honey 
has  advanced  similarly  in  both.  In  both,  a  natural  limit  to  the 
length  of  the  cardines  and  of  the  mentum  (by  which,  in  Prmopis, 
Sphewdcs,  Halirtui,  and  Av^rrna.  increased  protntsibility  of  the 
tongue  was  attained)  has  been  fixed  by  the  length  of  the  head, 
underneath  which  these  paints  niu.'st  be  withdrawn  to  give  play  to 
the  mandibles ;  and  access  to  more  deeply-placed  honey  is  got  by 
lengthening  the  tongue  itself,  and  by  extension  of  the  membranous 
and  elastic  parts  between  the  mentum  and  the  cardines. 

In  the  higher  forma  of  both  groups,  we  find  that  the  tongue, 
which  was  at  first  much  shorter  than  the  mentum,  and  retractile 
into  it,  is  many  times  as  long  as  the  mentum ;  the  transverse 
markings  (absent  in  Prosopn,  alight  in  Spkf^.odr.%  well-marked  in 
Salictiis)  are  present  as  strongly- marked  transverse  rings  over  the 
greater  part  of  the  vermiform  tongue  ;  the  hairs  of  the  tongue,  which 
have  scarcely  a  definite  arrangement  in  the  lower  forms,  form  whorls 
upon  each  transverse  ring,  and  can  be  erected  or  depressed  forwards, 
and  the  originally  membranous  and  elastic  parts  between  the 
mentum  and  cardines  are  elongated  and  supported  by  chitinoua 
pieces,  in  such  a  way  that  when  these  fold  together  the  mentum 
is  retracted  between  the  stipites  as  far  as  the  ends  of  the  cardines, 
and  can  be  a^in  protracted  for  the  full  length  of  the  chitinoua 
pieces. 

With  these  modifications  of  tlie  lower  lip,  certain  changes  in 
the  niaxillas  are  closely  associated,  and  advance  similarly  in  both 
divisions  of  the  family.  As  soon  as  the  tongue  has  90  far  increased 
in  length  that  it  can  no  longer  be  quite  withdrawn  into  the  anterior 
hollow  of  the  mentum,  it  comes  to  be  folded  up  downwards  and 
backwards,  and  both  in  the  retracted  and  in  the  extended  state  it 
is  coucealed  between  the  laminie  to  avoid  injury  in  nest- building 
or  in  being  introduced  into  honey-rocoptacles.  The  laminaj,  once 
devote*l  to  tfie  service  of  the  tongue,  elongate  piin  passu  with  the 
tongue  itself ;  and  correspondingly  tho  labial  palps  and  at  first  also 
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the  maxillary  palps  elongate  also,  in  order  to  act  still  as  organs 
of  touch.  But  the  maxillary  palps  are  soon  outstripped  by  the 
laminEB,  the  labial  palps,  and  the  tongue,  and  becoming  useless 
gradually  abort;  the  kminie  and  labial  palps  continue  to  advance 
to  the  full  extent  of  elongation  of  the  tongue.  This  difference  is 
explained  by  the  rise  of  a  new  function  which  the  labial  palps  and 
laminae  assume,  and  which  renders  them  quite  indispensable  and 
renders  the  maxillary  palps  quite  unnecessary.  For  as  the  tongue 
elongates,  the  lamiiue  develop  more  and  more  into  a  sheath  closely 
surrounding  the  tongue,  which  not  only  protects  it  in  retractiou 
and  when  being  thrust  into  a  tubular  flower,  but  also  comes  to 


c      Hfghlj  lnBgBiae<1. 
baring  t]i«  whorti  ot  luin  (Q)  [•  torn  (■ 
uid  opening  into  Om  ■( 


be  eipuided  bu«  or  tb«  bain  ;  Q.  vlinrli  or  liiln;  L,  ■ponn-ihuped  hollow. 
In  I  the  hitrj.  concuve  upper  utile  i>  »en :  In  2  the  lower,  coan^L.  nevlj  no 


play  the  part  of  a  suction-tube,  in  which  the  tongue,  perhaps  by  a 
progressive  erection  from  before  backwards  of  the  wborls  of  hairs, 
conveys  the  honey  taken  up  at  its  point  back  towards  the  mouth. 
In  this  the  labial  palps  are  also  concerned,  for  their  two  or  three 
proximal  joints  become  flattened  and  help  the  laminse  in  closely 
surrounding  the  tongue,  while  the  last  joint  or  the  two  last  retain 
their  original  function  as  organs  of  touch.  As  soon  as  the  proximal 
joints  of  the  labial  palps  have  come  in  this  manner  to  form  part 
of  the  suctorial  apparatiis,  they  naturally  elongate  pari  paitsu  with 
the  tongue  and  the  lamince,  and  get  transformed  into  long,  thin, 
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chitiaous  plates  surrounding  the  tongue,  while  their  terminal  parte, 
still  acting  as  tactile  oi^ns,  retain  their  original  form,  their  short- 
ness, and  their  free  position.  The  maxUtarj  palps,  originally  six- 
jointed,  get  handed  down  as  useless  heirlooms,  and  show  all  stages 
of  abortion  from  six  joints  to  none. 

A  final  increase  in  the  length  of  the  tongue  over  that  of  the 
organs  which  insheathe  it  is  got  by  making  the  proximal  part  of 
the  tongue  coil  twice  round  and  be  retracte4l  into  the  hollow  end 
of  the  mentum ;  so  that  the  tongue,  which  in  the  retracted  state 
reaches  quite  to  the  end  of  its  sheath,  may  be  protruded  by  about  the 
whole  length  of  the  sheath  beyond  it.  As  subordinate  adaptations 
in  the  suctorial  mechanism  of  bees,  we  have  aharpening  of  the  ends 
of  the  laminsB  to  pierce  succulent  tissues,  and  the  development  of 
a  membranous  lobe  at  the  end  of  the  tongue.  In  the  less 
specialised  bees,  the  tongue  is  supported  throughout  its  whole 
length  by  a  chitinous  ridge  ;  this  in  the  higher  forms  becomes 
a  capillary  tube  which  opens  out  into  the  spoou-shaped  hollow  of 
the  terminal  lobe.  As  soon  as  the  terminal  lobe  reaches  the 
honey,  a  little  honey  ascends  the  capillary  tube  to  the  taste- 
organs,  and  the  bee  may  judge  at  once  whether  to  continue 
sucking  or  not.' 

To  follow  out  in  detail  the  increasing  complexity  of  the  mouth 
in  bees,  througli  all  its  stages,  would  be  a  work  of  spt:cial  ento- 
mological interest,  as  profitable  as  it  would  be  comprehensive. 
Having  studied  the  first  adaptations  to  a  floral  diet  in  SpkccotUa, 
Andretta  and  Hcdictus,  we  must  pass  over  the  manifold  inter- 
mediate forms,^  and  investigate  the  complex  mechanism  of  the 
mouth  in  the  most  specialised  bees.  I  select  for  illustration  the 
mouth  of  those  bees  which  of  all  insects  play  by  far  the  most 
important  part  in  ferti Using  our  indigenous  flowers ;  viz.  humble- 
bees  {Bombiis)  and  the  hive-bee  iApi3). 

When  we  see  the  mouth-parts  of  these  bees  fully  extended  and 
artificially  separated  (Fig.  18,  1  and  2),  it  seems  at  first  sight 
hardly  possible  that  a  suctorial  apparatus  so  large  and  complex, 
which  many  times  exceeds  the  head  in  length,  can  be  as  com- 
pletely received  into  a  cavity  below  the  head  tis  it  is  in  the  least 
specialised  bees  ;  yet  this  takes  place  by  help  of  the  four  folding 

'  Wolff,  Diu  RirxkuT^H  tier  Siene,  1871 ;  HBrtiiBBli  MfillHr,  H'eduelbesirlMnj/tin, 
[1.  30.  la  llic  Oenniin  ertitiou  of  this  boolc,  1873,  th*  lobe  is  i»id  to  be  amjiloji'd 
|iroli«b!yin  licking flnt  suriBCpi  of  hone]-. 

'  Some  of  these  inwrmedute  forms  sie  figured  ia  my  eauiy,   "Anwenduug  dur 
Dsrwin'achen  L«hre  anf  Bielien  "  {f^trhandl.  da  wWarhut.  {'ireiiu  fitr  jir.  ^in-    . 
land  Knd  Walfaim,  1S72)- 
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movements  already  mentioned,   whose   various  actions  we  must 
now  consider. 

(1.)  When  the  bee  is  sucking  honey  which  is  only  just  within 
its  reach,  all  the  movable  joints  of  its  suction-apparatus,  cardines, 
the  cliitinoua  letractors  at  the  base  of  the  mentum,  lamime, 
labial  palps,  and  tongue,  are  fully  extended,  as  in  Fig.  18,  except 
that  the  two  pioximal  joints  of  the  labial  palps  are  closely  applied 


to  the  tongue  below,  and  the  laminEe  to  the  mentum  and  hinder 
part  of  the  tongue  above.  But  as  soon  as  the  whorls  of  hairs 
at  the  point  of  the  tongue  are  wet  with  honey,  the  bee  by  rotating 
the  retractors  (z  z,  Fig.  19)  draws  back  the  mentum,  and  with  it 
the  tongue,  so  far  that  the  taminse  now  reach  as  far  forward  as  the 
labial  palps  (i.e.  to  the  point  u  in  Fig.  18) ;  and  now  lamiiue  and 
labial  palps  together,  lying  close  upon  the  tongue  and  overlapping 
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at  their  edges,  form  a  tube  out  of  which  only  the  part  nw  of  the 
tongue  protrudes.  But  almost  aimultanenusly  with  these  move- 
ments, the  bee  draws  hack  tlie  basiil  part  of  its  tongue  into  the 
hollow  end  of  the  mentuni.  and  so  draws  the  tip  of  the  tongue, 
moist  .with  honey,  into  the  tube,  where  the  honey  is  sucked 
in  by  an  enlai^ement  of  the  foregut,  known  as  the  sucking 
stomach,*  whose  acbion  is  signlSed  externaUy  by  a  swelling  of  the 
abdomen.^ 

Fig.  19  represents  the  hca<l  of  a  humble-bee  in  the  suctorial 
position.  If  now  the  base  of  the  tongue  is  drawn  back  into  tlie 
hollow  of  the  mentum  (as  shown  in  Fig.  20),  the  tip  (m«j)  ia 
drawn,  wet  with  honey,  into  the  tube.     If  the  cardines  (c.  Fig,  19), 


which  are  now  directe*!  vertically  downwards,  are  rotated  back- 
wards, the  base  of  the  suctorial  lube  (at  j>in  in  Fig.  19)  will 
be  drawn  back  to  the  opening  of  the  moiitli  (between  the  basi- 
of  the  mandibles  and  upper  lip),  and  by  a  sucking  action  of  the 
sides  of  the  body  [and  (?)  a  simultaneous  action  of  the  erectile 
hfurs  on  the  tongue'],  the  honey  is  quickly  carried  into  the 
mouth. 

'  In  Apida  and  VrtjivUr  the  "  auekin);  stomach  "  in  Kimpl;r  »  l«Unl  fnld  of  the 
foregat :  ID  Crrd>Tniiida!  it  ia  ■  veaiule  attached  hy  a  short,  narrow  doct,  tnach  an 
iu  Dintera. 

'  Cf,  the  remarks  on  L^minm  njfruia. 

'  I  came  to  the  abore  uort'Onaion  with  regKnl  to  the  action  of  thi?  wborleil  hain 
Trom  exiwrimunts  made  on  bee.i  and  hiimb1e-lw«s  wiAri  chlarofann.  In  theu,  aome- 
timea,  if  the  tip  of  the  tonf^e  wb9  dipped  in  syrup  before  Mimpbte  tosn  nt  conieiMU- 
usas,  the  sactorial  luovnineiits  took  place  m  slowly  that  their  sBparatc  atagea  conid  be 
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By  now  rotating  the  cardines  (c)  forwards,  the  whole  suction- 
apparatus  is  carried  forward  by  twice  the  length  of  the  cardines. 
The  retractors  (z  z)  are  now  rotated  forwards  in  their  turn,  and  a 
further  advance  of  twice  their  length  is  given  to  the  mentum  (mt) 
with  its  appendages,  to  the  labial  palps,  and  to  the  tongue,  while 
the  maxillae  remain  in  their  place,  and  their  laminse  now  inclose 
only  the  mentum  and  the  hinder  part  of  the  tongue.  Finally,  the 
basal  part  of  the  tongue  contained  within  the  hollow  part  of  the 
mentum  is  projected  forth,  and  the  tip  of  the  tongue  now  reaches 
its  farthest  extension  (20  to  21  mm.  from  the  mouth  in  Bonilms 
hortorum),  and  dips  again  into  the  honey  at  the  base  of  the  flower. 

In  flowers  which  contain  abundant  honey,  a  humble-bee  may  be 
seen  to  perform  the  act  of  sucking  four  or  five,  or  sometimes  even 
eight  or  ten  times,  the  tip  of  the  tongue  being  each  time  dipped 
into  the  honey,  then  drawn  back  into  the  sheath,  and  the  sheath 
brought  up  to  the  mouth. 

(2.)  To  reach  honey  which  lies  less  deeply,  the  bee  need  not 
rotate  the  retractors  (z) ;  the  tongue  therefore  remains  constantly 
insheathed  by  the  laminae  and  labial  palps,  and  only  the  basis  of 
the  tongue  moves  in  and  out  of  its  cavity  in  the  mentum,  bringing 
its  tip  in  and  out  of  the  extremity  of  the  suctorial  tube. 

(3.)  When  the  bee  flies  from  one  flower  to  another,  it  carries  the 
proboscis  ^  extended,  so  as  to  introduce  it  in  the  act  of  alighting 
into  the  tube  of  the  flower ;  but  the  tongue  is  concealed  within  its 
sheath,  to  protect  the  delicate  whorls  of  hairs,  and  to  let  the 
terminal  joints  of  the  labial  palps  perform  their  function  of  tactile 
organs. 

So  in  flying  from  flower  to  flower  the  base  of  the  tongue  is 
contained  within  the  hollow  of  the  mentum,  and  the  retractors  {z) 
are  directed  backwards,  while  the  cardines  may  be  directed  down- 
wards (Fig.  19),  forwards  (Fig.  18,  2),  or  backwards,  according  to 
the  depth  of  the  flower  which  the  bee  has  in  view. 

clearly  distinguished ;  they  were  as  described  above.  What  went  on  between  the 
chitinoos  plates  of  Uie  laminae  and  labial  palps  was  of  course  invisible,  but  when 
these  parts  were  drawn  aside,  a  progressive  erection  of  the  whorls  from  the  tip  of 
the  tongue  backwards,  could  sometimes  be  clearly  seen.  The  fact  that  the  basal  part 
of  the  tongue,  which  gets  drawn  into  the  hollow  of  the  mentum,  is  free  from  whorls, 
teemed  to  stand  in  accordance  with  this  action.  At  the  same  time,  special  muscles 
for  the  erection  of  the  whorls  are  not  present ;  and  therefore  my  explanation  becomes 
unsatiafiBLCtory.  In  several  Brazilian  bees,  my  brother  Fritz  Miiller  has  found  that 
the  hairs  of  the  tongue  are  transformed  into  stalked  scales,  which  seem  hardly  fitted 
to  drive  the  honey  mouthwards  by  erection.  In  an  undescribed  azure-blue  Euglossa, 
the  imbricated  scales  seem  to  form  a  tube  round  the  tip  of  the  tongue,  so  that  here 
suction  may  perhaps  go  on,  without  the  tip  of  the  tongue  being  withdrawn  into 
the  aheath  formed  by  the  laminse  and  labial  p^ps. 

^  The  whole  suctorial  apparatus  is  thus  designated  for  shortness'  sake. 
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(+.)  The  mouth-organs  must  assume  exactly  tlie  same  position 
when  the  bee  bores  into  delicate  tissues  by  means  of  the  sharp 
points  of  its  lamime ;  whether  to  secure  the  sap,  as  in  the  case 
of  our  orchids  which  secrete  no  free  honey,  or  to  reach  deeply- 
placed  honey  through  the  aperture,  as,  for  example,  Bonibiis  tfrre»- 
iris  does  in  the  case  of  meadow- clover  and  many  other  long-tubed 
flowers, 

(5.)  In  collecting  pollen,  hire-bees  and  humble-bees  use  their 
mouth-parts  in  two  diflerent  ways  to  moisten  it,  according  as  it 
is  the  fixed  pollen  of  entomophilous,  or  the  loose,  easily  scattered 
pollen  of  anemophilous  flowers.  In  the  former  case  (f.^.  when 
Apis  vifllifica  collects  pollen  on  Salix),  the  bee  has  its  suctorial 
apparatus  completely  folded  down  (as  in  Fig.  21),  bringing  the 
mouth -opening,  which  lies  between  the  base  of  the  mandibles  and 
the  labrum,  close  over  the  pollen.  The  bee  ejects  a  little  honey  on 
the  pollen,  and  then  takes  it  up  by  means  of  its  tareal  brushes  and 
places  it  in  the  baskets  on  the  tibix  of  its  hindlegs ;  it  often 
makes  use  of  its  mandibles  to  free  the  pollen,  before  moistening  it 
with  honey.  In  the  latter  case,  which  I  have  observed  in  Piantago 
lanctolaia  and  which  will  be  fully  described  in  my  account  of  that 
plant,  the  bee,  hovering  over  the  flower,  ejects  a  little  honey  upon 
the  anthers  from  its  suction-tube,  which  is  fully  extended  but 
completely  sheathes  the  tongue.  In  this  case,  therefore,  as  when 
alighting  to  suck  upon  a  flower  or  when  boring  into  soft  tissues,  the 
base  of  the  tongue  is  contained  within  the  hollow  of  the  mentum, 
and  the  retractors  are  direct€<l  backwards.  Since  hive-bees  and 
humble-bees  on  entomophilous  flowers  suck  honey  with  out- 
stretched proboscis  and  collect  pollen  witli  it  folded  up,  and 
on  anemophilous  flouers  collect  pollen  only,  it  follows  that  they 
can  never  suck  honey  and  gather  pollen  simultaneously ;  they 
must  always  do  first  one  and  then  the  other,  and  since  the  pollen 
has  to  be  moistened  with  honey,  the  act  of  sucking  must  always 
be  the  flrst. 

But  all  forms  of  bees  which  collect  dry  pollen  among  their 
feathery  collecting-hairs,  may,  so  far  as  the  structure  of  the  flower 
permits,  gather  pollen  and  suck  honey  at  the  same  time,  and  they 
perform  the  latter  action  in  exactly  the  same  way  as  hive-bees 
and  humble-bees  do.  Bees  with  abdominal  collecting-apparatus 
may  with  the  greatest  ease  perform  both  acta  together  on  Howers 
which  present  their  pollen  from  below. 

(6.)  Finally,  to  place  the  mouth-parts  in  a  position  of  rest, 
or  to  make  use  of  the  mandibles,  the  bee  brings  all   the  four 
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folding  movements  which  its  suction  apparatus  is  capable  of 
into  play  simultaneoualy.  It  draws  back  the  base  of  the  tongue 
into  the  hollow  end  of  the  mentum  (as  in  Fig.  20) ;  folds  the 
tongue,  together  with  the  inclosing  laminie  and  labial  palps, 
downwards  and  backwards  (Fig.  20  shows  this  action  beginning), 
draws  the  retractors  (j)  backwards  (half  completed  in  Fig.  20), 
and  rotates  the  cardines  c  (which  in  the  figure  are  still  directed 
obliquely  forwards),  backwards ;  the  wbc^e  apparatus  is  thus  folded 
together,  and  lodged  in  the  cavity  below  the  head,  completely 
filling  it  (Fig.  21,  1). 


lo.  Ml.— Buddng  spjMntlu  of  Btmb—  fUvaniiii,  L. .  1 
tn  will  of  the  hollow  cid  of  tha  mentom  li  broken  ■< 
»  of  tie  tacgru,  ate 
u  in  Fig  1^— eiccpt :  a,  biM  of  tongne :   b,  ugle  a 


toU ;  ate.  pert  of  tongne  (bided 


When  the  hive-bees  and  humble-bees  were  declared  to  be  the 
most  important  of  all  insects  in  the  fertilisation  of  our  native 
flowers,  this  assertion  applied  only  to  the  individuals  concerned 
in  the  care  of  the  young,  i.e.  the  workers  among  the  hive-bees, 
and  the  females  and  workers  among  the  humble-bees. 

In  all  species  which  provide  for  their  own  young,  the  males  are 
of  much  less  use  in  fertilising  plauts  than  the  females,  as  they  only 
look  after  their  own  maintenance,  and  accordingly  neither  collect 
pollen  nor  visit  flowers  very  diligently.      Yet  in   all   species  in 
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which  a  more  or  less  thick  coat  of  feathery  hwre  haa  become 
developed  upon  the  bodies  of  the  females,  it  has  become  trans- 
mitted by  inheritance  to  the  males  also,'  so  that  they  in  their  visits 
to  flowers  collect  pollen  as  well  as  the  females.  It  is  otherwise 
with  the  majority  of  those  bees  which  have  acquired  the  habit  of 
not  gathering  pollen  themselves  to  feed  their  young,  hut  of  laying 
their  e^s  in  the  nests  of  other  bees  already  stored  with  food. 
Some  of  these  "cuckoo-bees,"  which  have  acquire  the  habit  in 
comparatively  recent  times,  as  the  parasitic  humble-bees  {AjxUhus 
or  PsUhyrus),  have  almost  the  same  development  of  hairs  as  their 
parent-form  ;  others  which  acquired  it  earlier,  as  Nomada,  ^nolus, 


Dttaer  IclMn  u 


Coslioxt/s,  and  Stelis,  have  almost  entirely  lost  the  hairy  coat,  while 
retaining  in  perfection  the  suctorial  apparatus  which  furnishes 
them  with  their  own  food.  Males  and  females  of  these  "cuckoo- 
bees  "  thus  plunder  flowers  of  their  honey,  like  the  males  of  the 
hairy  bees,  without  being  of  corresponding  advantage  to  the  flowers 
in  the  carriage  of  pollen  ;  for  only  very  little  pollen  adheres  to  their 
naked  or  almost  naked  chitinous  bodies.^ 

'  For  a  fnrtber  account  of  cbia  hereditary  tnnuniission,  see  my  work  No.  6)3. 
*  I  have  inTeatigated  the  nctions  af  male  bees  aod  of  cuckoo-bees  is  regard  to 
flowers,  and  embodied  my  results  in  my  eways,  "  Die  Entwickelnng  der  Blumentba- 

S;keit  der  Insekten,"  and  "  Verschiedene  Blnmentbitigkeit  dor  Himiuhen  und 
eibchen"  iKo»nu,;  a.  pp.  851— S70,  «S— *3a.     1882.) 
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Lepidoptera. 

If  the  chief  divisions  of  insects  are  to  be  arranged  in  the  order 
of  their  importance  as  fertiUsers  of  our  native  flowers,  the  first 
place  must  decidedly  be  given  to  bees, — while  the  Lepidoptera  take 
only  the  second  or  third  place,  before  or  after  the  Flies.  But  if, 
as  here,  we  base  our  arrangement  on  the  degrees  of  adaptation  to 
flowers,  they  undoubtedly  take  the  first  place,  as  the  only  order 
which  throughout,  and  not  only  in  certain  of  its  families,  is  fitted 
for  obtaining  honey. 

In  the  perfect  state,  butterflies,  so  far  as  they  take  food  at  all, 
which  is  not  the  case  in  all  species,  restrict  themselves  almost 
entirely  to  honey ;  and  since  they  take  no  further  thought  for  their 
young  than  to  lay  their  eggs  suflBciently  concealed  upon  the  food- 
plant,  their  mouth-parts  have  been  quite  free  to  adapt  themselves 
to  the  easy  winning  of  honey  from  the  most  various  flowers.  This 
adaptation  is  attained  by  an  astonishing  development  of  the 
maxillary  lamiiue,  with  suppression  of  the  greater  part  of  the 
rest  of  the  mouth-organs.  The  upper  lip,  or  labrum  (/6r,  2, 
Fig.  22),  and  mandibles  {md)  are  aborted.  The  laminae  of  the 
maxillsB  are  transformed  into  two  immensely  long,  hollow,  rounded 
filaments,  provided  with  semicircular  grooves  on  their  inner  sur- 
faces, and  so  forming  a  tube  when  placed  in  close  apposition ;  in 
the  state  of  rest  this  tube  is  spirally  coiled,  and  concealed  between 
the  labial  palps.  The  maxillary  palps,  which  are  not  visible  in  my 
figure,  and  also  the  labium,  are  usually  more  or  less  abortive.  The 
whole  mechanism  of  the  mouth,  so  complex  and  many-jointed  in 
bees,  is  thus  here  reduced  to  a  long,  thin,  suctorial  tube  formed  of 
two  apposed  grooves  and  capable  of  being  rolled  up  into  small 
space,  and  of  a  protective  covering  for  this  tube. 

With  this  simple  mechanism,  Lepidoptera  are  able  to  probe 
the  most  various  flowers,  whether  flat  or  long  and  tubular,  and 
to  secure  their  honey.  Peculiar  stiff*,  sharp-pointed  appendages 
at  the  ends  of  the  laminae  (5,  Fig.  22)  enable  them  also  to  tear 
open  delicate  succulent  tissues,  and  make  use  of  the  sap  in  flowers 
which  secrete  no  firee  honey  (cf.  Cytisus  Laburnum,  Erythrcca 
Centaurium,  Carum,  etc.).  At  the  Cape  of  Good  Hope,  Lepidoptera 
do  damage  to  plums  and  peaches  by  piercing  their  skins  in  this 
manner.^  In  Queensland  also,  the  oranges  are  injured  by  a 
nocturnal  form,  Ophideres  fullonica,  the  powerful   teeth  on  whose 

*  Ann.  and  Mag,  of  N,  IT.,  September,  1869, 
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proboscis  are  figured  and  described  by  M.  Kunkel,*  Fianeia  Darwiu  * 
Reginald  Bligh  Read,'  and  W.  Breitenbach.*  M;  brother  Fritz 
Miiller  thinks  that  some  of  the  appendages  of  the  proboscis  in 
Lepidoptera  may  be  organs  of  touch  or  taste.  These,  which  differ 
much  in  number,  raze,  and  form  in  different  species,  are  usually 
somewhat  movable,  and  bear  at  their  tips  a  delicate  rod,  re- 
sembling the  tactile  rods  or  olfactory  haira  of  Crustacea,  etc. 
AmoDg  the  forms  in  which  these  have  been  noted  are  I^vpona 
Laertes,  Htsperoekarit  Etvta,  Colarnis  Julia,  Apatura  Bubnm. 


Fhi.  ^— AdaptlTt  DhxliMcalloiu  In  LrpiJiiplm 

— II«d  or  fUvMHTw  PUmu.  L..  vilb  prutorii  lulf  nnntlnl. 

— H«d  uT  r*H_a  It.  L..  aftet  (Mk  luniu  oT  tbt  muilU  uJ  tin  UI4il  )«1h  biTs  ben 

-  Put  af  Out  iMmiam  of  Hmmglamm  fariM*''^  L.nn  trim  viUiiD  :  morr  bl^-Uy  ma|niiBr-<. 

■a  of  Ihfl  *p|wl  luoioiv  of  tte  lUBe  Lii»Kt.  i^qiaUj  iDi^nlJInL    ■«,  tn'br 


mtatnglattiti  ris-ll. 


In  regard  to  their  length,  the  masillarj'  laminie  of  our  Lepi- 
doptera show  all  degrees,  from  the  proboscis  of  the  CoiivoItuIms 
Hawk-moth,  8l)  ram.  long,  to  a  proboscis  scarcely  a  millimetre 
long.  Their  mouth-organs  may  be  almost  cntirvlr  alxtrtive  and 
only  comparable  to  those  of  the  l^rj/ganitltr,  pointing  to  these  as 


>  CompU*  Sendut.  Anjuul  3D.  1ST5. 

»  Q.  J.  Jlirrv.  So.  Tot.  xr.  S.S..  pp.  SS5— 390. 

»  Pnif.  Lima.  S<k.  .V.  S.  H'lifar,  Anjtnst,  1878. 

*  JrrAir.  /.  Ifitr.  Anat.  Bd.  xir.  pp.  SOS— 31T.  RrritrnUih  tuts  ante  pu1>- 
liahfd  some  hitlMT  atDdiec  on  thr  boring  apparatus  nt  Lciiiili>pl«ta  yiiiil.,  Ril.  xv. 
pp.  3— IP ;  fWoMu/.  .VurAridUn.  S«pt«nib«r  15,  1S79.  and  Frbraarr  15.  ]$«0l. 
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the  ancestors  of  the  Lepidoptera.  In  a  former  work  i  I  have 
sought  to  establish  the  pedigree  of  Lepidoptera,  which  has  been 
foreshadowed  by  entomologists  since  last  century  :  the  subject  has 
been  much  more  thoroughly  discussed  by  my  friend  Dr.  A.  Speyer,^ 
by  Mr.  R.  MacLachlan,*  and  by  my  brother  Fritz  Miiller.*  Apart 
from  tiny  midges  {e,g,  the  fertilisers  of  Arum  and  Aristolochia), 
and  from  those  insects,  especially  beetles  and  bees,  which  occasionally 
or  habitually  take  up  their  quarters  for  the  night  in  flowers, 
Lepidoptera  seem  to  be  the  only  insects  which  do  not  confine 
their  visits  to  flowers  to  the  daylight :  a  large  number  of  their 
species  have  acquired  the  habit  of  seeking  their  honey  in  the  dusk 
of  summer  nights  and  evenings,  free  from  the  competition  of 
other  insects.*  But  in  our  climate,  summer  evenings  on  which 
twilight-loving  and  nocturnal  Lepidoptera  fly  abundantly  are  not 
very  numerous.  Though  the  swift  and  violent  movements  of  these 
species  may  be  due  to  the  shortness  of  the  period  suitable  for  their 
flight,  or  to  the  pursuit  of  bats,  this  peculiarity  is  of  very  great 
importance  to  the  plants  they  visit ;  for  the  more  flowers  will  be 
visited  in  a  given  time,  the  less  time  that  is  spent  on  each,  and  the 
shorter  the  time  that  is  spent  in  the  flight  from  one  to  another. 
This  explains  how  many  flowers  have  adapted  themselves  specially 
to  nocturnal  insects,  both  by  their  light  colours,  visible  in  the  dusk, 
and  by  their  time  of  opening,  of  secreting  honey,  or  of  emitting 
their  odour.  The  SphingidsD  perform  their  work  as  fertilisers 
peculiarly  rapidly,  dropping  their  long  proboscis  into  a  flower 
while  hovering  over  it,  and  instantly  hastening  away  on  their 
violent  flight  to  another.  Accordingly  most  nocturnal  flowers  have 
adapted  themselves  specially  to  these  Lepidoptera,  hiding  their 
honey  in  such  deep  tubes  or  spurs  that  it  is  only  accessible  to  the 
Sphingidse. 

'  Verh.  des  naturh.  Vereins  f,  pr,  Bheinlaiui  und  Jfes^alcn,  1869,  *'CoiTe- 
spondeiublatt,"  pp.  67 — 63. 

«  SteUiner  EnUm,  ZcUung,  1869,  pp.  202—228. 

'  J,  Linn,  Soe.,  Zool.,  vol.  xi.  p.  100. 

*  Kotmos,  vol.  iv.  pp.  888—390. 

'  In  South  Brazil,  according  to  my  brother  Fritz  Miiller,  a  social  wasp,  Apoica 
paUida,  Lep.,  seeks  honey  only  by  night,  sitting  still  in  its  nest  by  day. 
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PART  III. 


THE  MECHANISMS  OF  FLOWEES. 

In  this  section  I  propose  to  discuss  such  questions  as  the  following,  in 
regard  to  a  number  of  native  or  commonly  cultivated  plants.  By  what  insectn 
is  each  visited  1  What  does  the  insect  come  in  quest  of,  and  how  does  it 
behave?  In  what  manner  does  it  effect  transference  of  the  pollen?  What 
peculiarities  of  the  flower  have  special  relation  to  the  particular  visitors? 
What  special  peculiarities  of  the  flower  aid  cross-fertilisation  in  case  of  insect- 
visits?  In  absence  of  insects,  can  self-fertilisation  take  place,  and  to  what 
extent  does  it  actually  occur  ? 

There  are  few  instances  in  which  I  am  in  a  position  to  answer  all  tliese 
questions.  In  some  cases  I  have  studied  the  structure  of  the  flower  but 
have  never  had  an  opportunity  of  observing  its  insect-visitors  ;  in  other  cases 
I  have  noted  insect-visitors  without  studying  closely  the  mechanism  of  the 
flower. 

In  choosing  my  figures  I  have  taken  account  of  those  already  existing. 
In  many  cases  I  have  omitted  to  figure  flowers  which  happen  to  be  well 
illustrated  in  the  works  of  Sprengel,  Darwin,  or  Hildebrand  (e.g,  Aristolochia 
Clematidis,  Viola  tricolor) ;  in  other  cases  I  have  selected  a  different  species 
of  the  genus  {e.g.  Iris^  Polygala).  And  in  most  cases  I  have  passed  over  with 
a  few  words  flowers  which  have  been  described  elsewhere  in  great  detail, 
unless  I  had  to  correct  or  amplify  the  previous  accounts. 

Professor  Schenck  of  Weilburg  has  checked  my  identifications  of  the  greater 
part  of  my  bees,  wasps,  and  sand-wa«*ps  {fo»8orM) ;  Mr.  Frederick  Smith  has 
compared  all  my  species  of  bees,  wasps,  and  sand- wasps  with  the  collection  in 
the  British  Museum  (which  includes  Kirby's  type-specimens)  ;  Dr.  Speyer  of 
Rhoden  has  placed  my  determinations  of  Lepidoptera  beyond  dispute,  and 
Herr  Winnertz  of  Crefeld  has  identified  those  Diptera  concerning  which  I 
remained  doubtful.  Herr  Borgstett^,  jun.,  of  Teklenburg,  has  sent  me  numerous 
insects  collected  upon  flowers  in  his  neighbourhood,  along  with  accurate 
records  of  the  plant  on  which  each  specimen  was  obtained. 

Contractions  employed  in  the  Lists  of  Insects. 

lh.= licking  honey;  s.= sucking;  c.p.  =  collecting  pollen  ;  f.p.= feeding 
on  pollen  ;  cor.  =  corolla  ;  ab. —abundant. 
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Sl(L  =  Sauerland  (Warstein,  Mohnethal,  Briion)  ;  Tekl.— Teklenburg  (Heir 
Borgstette)  ;  Th.  =Tliuriiifi^a  (neighbourhood  of  Miihlberg).  In  all  cases  in 
which  the  locality  is  not  specially  mentioned,  the  observation  was  made  near 
Lippstadt 

Numbers  placed  in  brackets  after  the  names  of  insects  indicate  the  length 
of  the  proboscis  in  millimetres. 

(J  =male  ;   9  =  female  ;   9  =  worker. 

Obd.  RANUNCULACEJ^. 

1.  Clematis  recta,  L.— The  flowers  are  destitute  of  honey. 
When  they  open,  the  stigmas  are  still  immature,  and  are  covered 
up  partly  by  the  stiflf  hairs  of  the  pistil,  and  still  more  eflBciently 
by  the  stamens  which  presis  closely  upon  them.  The  outermost  of 
these  latter  soon  begin  to  bend  outwards,  and  their  narrow  anthers 
dehisce  lengthwise,  so  that  the  broad  connectives  appear  covered 
on  both  sides  with  pollen.  At  this  time,  the  flowers  are  well  fitted 
to  supply  pollen  to  insects,  but  the  stigmas  are  unable  to  retain 
pollen  with  which  the  insect-visitors  are  coated.  The  bending 
outwards  and  dehiscence  of  the  anthers  now  proceeds  centripetally, 
and  before  the  innermost  stamens  have  joined  the  rest  the  stigmas 
lie  fully  developed  in  the  middle  of  the  flower.  Insects  which  come 
at  this  period  from  other  flowers  and  settle  in  the  middle  must 
accomplish  cross-fertilisation.  Bees  almost  always  alight  in  the 
middle  of  the  flower,  both  because  they  can  more  conveniently 
reach  the  stamens  from  the  centre  than  from  the  edge,  and  also 
because  the  anthers  near  the  centre  are  least  likely  to  have  been 
already  emptied.  The  pollen-eating  flies  which  settle  at  random 
on  the  flowers  and  creep  about  in  them  can  produce  self-fertilisation 
as  easily  as  cross-fertilisation.  In  default  of  insect-visits,  self- 
fertilisation  readily  takes  place,  for  the  outermost  stigmas  are  often 
touched  by  pollen  at  the  bureting  of  the  anthers,  and  frequently 
part  of  the  stigmas  lie  so  that  pollen  may  fall  directly  on  them 
from  anthers  above. 

Since  the  flowers  are  destitute  of  honey,  and  all  attractions  for 
insects  therefore  cease  with  the  dispersal  of  the  pollen,  their  pro- 
terandrous  condition  has  not  been  able  to  perfect  itself.  They  are 
naturally  only  visited  persistently  by  pollen-seeking  insects,  but 
by  these  in  considerable  abundance,  owing  to  the  large  stock  of 
pollen. 

A.  Hymenoptera — (a)  Apidce:  (1)  Prosopis  signata,  Pz.  (J ,  f  p. ;  (2)  Andrena 
Owynana,  K.  9 ;  (3)  A.  albicans,  K.  9 ;  (4)  Hal  ictus  sexnotatus,  K.  ?  ; 
(5)  Osmia  rufa,  L.  ? ;  (fi)  Bombus  terrestri?,  L.  ? ;  (7)  Apis  nielli fica,  L.  9  ; 
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(6)  Sphegida :  (8)  Oxybelus  uniglumis,  L.,  f.p.  ab.  ;  (9)  Gorytea  mystaceiu,  L., 
hovering  over  the  flower^*,  perhaps  in  onler  to  plunder  flies  ;  (c)  Vegpida : 
(10)  Odynerus  parietum,  L.  ?,</o.  B.  Diptera — (a)  Syrphida:  (11)  Sjrphiis 
pyrastri,  L. ;  (12)  Helophilus  floreus,  L. ;  (13)  Eristalis  BepalcraUB,  L. ; 
(14)  E.  arbustorum,  L. ;  (15)  Syritta  pipiens,  L. ;  (16)  Xylota  ignava,  Pz. ; 
(17)  X.  lenta,  Mgn.,  all  f.p.  ;  (b)  Muscidce:  (18)  Prosena  siberita,  F. 
C.  Coleoptera — (19)  Trichius  fasciatus,  L.,  devouring  the  whole  of  the  anthers. 

In  Clematis  Balearica,  Rich.  (C.  cirrhosa,  L.),  the  outermost 
stamens  are  metamorphosed  into  spoon-shaped  nectaries,  which  are 
sucked  by  Bomhus  and  Xylocopa  ;  in  Ckmatis  iniegri/olia,  L.,  the 
inner  stamens  secrete  honey  (567,  p.  8). 

2.  Thalictrum  aquilegifolium,  X. — The  stamens  in  this 
plant  play  the  part  of  petals :  they  are  of  a  pale  lilac  colour, 
thickened  and  club  shaped,  and  radiate  outwards,  forming  consider- 
able bundles,  fifteen  to  twenty  mm.  in  diameter.  When  the 
flower  opens,  the  stigmas  are  covered  over  and  shielded  from 
insects  by  the  central  stamens,  which  are  crowded  together  and 
have  their  anthers  still  closed.  In  young  flowers  the  insects 
alight  upon  the  anther-bearing  points  of  the  stiff  filaments,  and 
climb  with  some  difficulty  around  and  over  them  in  search  of 
])ollen.  In  older  flowers  the  central  stamens  are  directed  more 
outwards,  so  that  now  the  insects  can  alight  more  conveniently 
upon  the  stigmas.  Thus  cross-fertilisation  is  accomplished.  In 
default  of  insect-visits,  self-fertilisation  is  pro\nded  for  by  part  of 
the  stigmas  always  standing  in  the  way  of  falhng  pollen. 

The  flowers  are  devoid  of  honey,  and  are  visited  only  by  pollen- 
seeking  insects. 

A.  HjTnenoptera — Apid(r  ;  (1)  Prost^pis  signata,  Pz.  (J  9,  f.p.  :  (2)  Ilalictue( 
st^xnotatus,  K.  9 ,  c.p.  :  (3)  Apis  mellifica,  U  9  ♦  c.p.  B.  Di^wrsL—Sjfrphuite : 
(4)  Rhin^a  n^tratai,  L.  ;  (5)  Eris^talis  arbuzitorum,  L.  ;  y]6)  £.  nt^morum,  L.  ; 

(7)  E  sepulcralis,  L..  ;  (8)  E  tenax,  L.,  all  f.p.     C.  Coleoptera — ^9)  Trichius 
asoiatuii,  L.,  devouring  the  anthers  l)odily.     See  alsf>  No.  609,  p.  125. 

Atragenc  alpina,  L. — Tlie  pendulous  violet  flowers  only  give  up 
their  honev  to  insects  which  can  force  asunder  the  numerous 
stamens,  which  are  set  closely  in  several  whorls, — \nz.  bees  and 
humble-bees;  and  in  point  of  fact  only  these  insects  have  been 
obser\*ed  to  fertilise  the  plant  (590, 609).  The  grooved  inner  surface 
of  the  basal  half  of  the  filament  secretes  and  lodges  honey. 

3.  Thalictrum  fxavum.  L. — This  plant,  which  is  abundant 
on  meadows  by  the  Lipjx?,  has  likewise  honeyless  flowers.     I  found 
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them  to  be  chiefly  visited  by  poUen-feediog  flies,  aod  on  July  1, 
1868, 1  took  the  following  :— 

A.  Diptera— (a)  Syrphidm:  (1)  Erialalis  nemonini,  L.  ;  (2)  E  arbustoruin, 
L.  ;  (3)  E.  ten&x,  L.  ;  (4)  E.  sepulcralis,  L.,  all  four  f.p.,  wtj  ab.  ;  (5)  Syritla 
pipiens,  L.,  f.p.  ;  (/')  Mutcida :  (6)  Polleniu  Veapillo,  F.,  f  p.,  ab.  B.  Hymen- 
optera — Apidie  :   (T)  Apis  mellifica,  L.  >} ,  c.p.  .,  vtry  ab. 

Thalictrwm  minus,  L.,  is  an  anemopbilous  descendant  of  ento- 
mophilous  ancestors.  The  flowers  are  pro terogy nous,  and  retaio,  as 
traces  of  their  former  entomophilous  condition, — the  noQ-simultane- 
ous  dehiscence  of  the  anthers,  slight  cohesiveness  of  the  pollen,  and 
perhaps  also  the  conspicuous  yellow  colour  of  the  anthers  (590,  i.). 


B.— Ditto.  ■»»  ntnonl  or  one  K|n], 
C  —One  of  the  Tuut  Isige  petals. 
D.— ODeorthelnti»in)BUpstBli,vlUi 
t  nn«  tkle  (C  intl  D  («n  fmn  th«  toiMe). 
B.— BtamcD  In  aide  flow. 
F.— Ditto,  wen  obliqiniT  Fnnn  irltbln. 
G— AcarprllC— O,  y  41), 
n.  n«tuT :  ik,  hont}'-receptacl«. 


SejMtica  triloba,  Gil.  (AmTrume  hcpaiifa,  L.),  is  visited  by  bees 
and  Syrpkidm  for  its  pollen  (590,  i.). 

PuhatUla  vulgaris,  Mill.  (AneTTione  Pulsatilla,  L.), — The  abun- 
dant pollen  is  much  sought  by  bees;  honey  is  secreted  by 
rudimentary  stamens  reduced  to  short  stalked  knobs  (S90,  i.). 

Pulsatilla  vemalis,  L. — My  specimens  from  the  Stelvio  were 
slightly  proterogynous  ;  Ricca's,  from  Val  Camonica,  were  very 
markedly  so.  The  nectaries  here  also  are  modified  stamens 
(590,  609). 
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4.  Anemone NEiioBosi,L.—TliispUiitalsohasfloirec3de8titute 
of  honev,  in  wliicb,  however,  (he  sepals,  not  the  stamens,  play  the 
part  of  petals  in  reudering  the  floirer  consjucaous.  When  the 
flowers  open,  the  stigmas  are  still  covered  up  and  protected  1^  the 
stamens,  but  during  the  greater  part  of  the  period  of  flowering 
bi>th  stigmas  and  anthers  are  mature  at  the  same  time,  and  exposed 
to  the  touch  of  insects.  These  alight  sometimes  in  the  centre  of  a 
flower,  sometimes  on  a  sepal, -touching,  therefore,  either  stigmas  or 
anthers  first,  and  they  accomplish  self-fertilisation  as  well  as  cross- 
fertilisation.     The  inclined  position  of  the  flower  brii^  more  or 


le^  of  the  stigmas  in  the  line  of  fall  of  the  poUen,  whkh  leads  to 
st^lf-fertilisation  if  iasecis'  visits  fail:  but  experiment  has  yet  to 
decide  on  the  efficacy  of  this  self-fertilisation. 

On  February  *5,  1S6S,  out  of  seven  flowers  in  my  room,  which 
had  opened  simultaneously,  I  ferlilised  two  with  pti^n  bom  other 
flowers,  two  with  their  own,  and  I  left  three  untouched.  On 
February  H),  in  both  of  tho^  which  had  received  the  pollen  of 
other  flowers,  all  the  anthers  bad  fallen  off  and  the  ovaries  were 
distinctly  swollen ;  in  the  two  which  had  been  feitili^^if  with  their 
own  pollen,  most  of  the  anthers  had  ^en  off  and  the  ovaries  were 
swollen,  but  much  less  so  than  in  the  two  former  cases :  the  three 
remaining  flowers,  which  had   been  antouched,  still   retained  all 
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their  anthers.  The  sepals  were  still  quite  fresh  in  all  seven  flowers. 
The  experiment  was  not  completed,  as  the  plants  withered  in  the 
irregularly-heated  room. 

Visitors :  A.  Hymenoptera— (1)  Halictus  cylindricus,  F.  9 ,  c.p.  ;  (2)  Andrena 
fulvicros,  K.  9 ,  c.p. ;  (3)  A  albicans,  K.  ^ ,  f.p.  ;  (4)  Osmia  fusca,  Christ.  9 , 
cp.  ;  (5)  Apis  mellifica,  L.  9 ,  in  hundreds,  cp.  and  also  s.  B.  Diptera — 
(6)  Scatophaga  stercoraiia,  L. ;  (7)  Sc  merdaria,  F.,  both  f.p.  C.  Coleoptera 
— (8)  Meligethes,  f.p.  ;  (9)  Mordella  pumila,  Gyll.    See  also  590,  i. 

Although  I  could  not  detect  any  honey,  even  by  help  of  a 
lens,  I  repeatedly  observed  a  hive-bee  flying  from  flower  to 
flower  and  thrusting  its  proboscis  into  one  or  more  spots  in  the 
base  of  the  flower,  between  the  sepals  and  carpels.  Here  the  bees 
doubtless  tapped  the  juice  which  the  flowers  did  not  of  themselves 
furnish,  and  which  the  bees  were  in  want  of  to  moisten  the  pollen 
that  they  collected  at  the  same  time.  Once  I  saw  a  honey-bee 
first  suck  honey  on  flowers  of  Cardamine  pratensis  and  then  fly  off 
to  gather  pollen  on  Anemcnie  nemorosa. 

Even  in  spots  where  Frimula  elatior  was  blooming  abundantly, 
hive-bees  remained  busily  occupied  upon  the  wood  anemone. 

Anemone  alpina,  L. — This  species  is  androdioBcious.  The  male 
flowers  are  distinctly  smaller  than  the  hermaphrodite,  and  the  latter 
are  proterogynous.  The  plant  is  visited  by  numerous  bees  and  flies, 
though  the  flowers  are  devoid  of  honey  (609). 

Anemone  narcissifolia,  L.,  is  proterandrous,  the  stigmas  not 
being  mature  until  the  anthers  have  dehisced  or  have  even  been 
emptied.     The  flowers  are  devoid  of  honey  (609). 

Adonis  vemalis,  L.,  is  proterogynous  and  devoid  of  honey.  The 
visitors  are  chiefly  bees  and  also  ants  (590, 1.). 

Myosurus  minimus,  L.,  is  proterandrous,  according  to  Delpino. 
After  the  anthers  wither,  the  apex  of  the  ovary  becomes  lengthened 
into  a  long  cone  and  develops  its  stigmas.  Delpino  thinks  that 
the  flowers  are  fertilised  by  flies  (No.  177,  p.  57). 

According  to  my  own  observations,  the  enormous  elongation  of 
the  axis  bearing  the  pistil  has  simply  the  object  of  self-fertilising 
most  of  the  numerous  stigmas  by  means  of  the  small  number  of 
anthers,  for  insect-visitors  are  very  few.  The  anthers,  which  lie 
close  around  the  axis,  let  their  pollen  emerge  very  gradually  by 
two  lateral  slits,  while  the  lengthening  axLs  brings  fresh  stigmas  in 
contact  with  them.  As  visitors  of  this  plant,  I  have  observed 
chiefly  minute  insects,  not  more  than  1  to  1^  mm.  long  ,viz.  Diptera 
of  the  genera  Sciara,   Chironomus,   Scatopse,  PJwra,    Cecidomyia, 
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Oscinis,  and  Microphorus,  besides  small  Pteromalidcc  and  minute 
Ickneumonidw,  a  small  HaUica,  some  Anihomtfict,  and  a  single 
Mtlanostoina  melHna  (570,  voL  x.  p.  129). 

5.  Ranunculus  aquatilis,  L. — The  yellowish  base  of  each 
petal  serves  to  guide  insects  towards  the  honey ;  on  it  stands  an 
obliquely-placed  tubercle,  truncate  above,  and  provided  with  a 
honey-secreting  hollow,  which  plays  the  parts  of  gland  and 
receptacle  for  the  nectar. 

The  anthers,  which  are  few  in  number,  dehisce  one  after  the 
other  when  the  flower  opens,  and  cover  themselves  all  round  with 
pollen ;  the  stigmas  become  developed  at  the  same  time,  and  often 
come  in  contact  spontaneously  with  the  pollen  on  the  anthers. 

The  flowers  are  frequented  by  a  large  number  of  insects, 
especially  Diptera,  which  alight  sometimes  in  the  middle  of  the 
flower,  sometimes  on  the  edge,  and  so  effect  self-fertilisation  as  well 
as  cross-fertilisation. 

A.  Diptera — (a)  Stfrphufte :  (1)  Eristalis  tenax.  L. ;  (2)  E.  arbustomia, 
L.  ;  (3)  R  nemorum,  L.,  all  three  abundant,  now  sucking,  now  collecting 
pollen,  plentifuUy  dusted  with  pollen  on  the  legs  and  especially  on  the  soles 
of  the  feet ;  (4)  Helophilus  Horeus,  L^  ;  (5)  Chrysogaster  vidnata,  L.,  also  a. 
and  Lp.  ;  (6)  Mumrid(r :  (6)  Scatophaga  nierdaria,  P.,  f.p.  ;  various  small 
Muscidae,  a.  and  c.p.  which  escaped  me.  R  Hymenoptera — Apidtw :  (7)  Apis 
mellifica,  L^  9  >  ^'^•j  »-  ****!  ^-V-  ?  (^)  Bombus  terrestris,  L.  ? ,  s.  C.  Coleoptera — 
Chrywmelidcs :  (9)  Helodes  phellandrii,  L.^  devouring  anthers  and  petals.  See 
also  Xo.  590.  I.,  pp.  48,  49. 

When  the  water  is  unusually  high,  the  flowers  of  B<xnuneulu» 
aquaiUis  remain  submerged  and  do  not  open,  but  fertilise 
themselves  (17,  p.  14,  351,  p.  17\ 

Banunculiis  /glacial is,  L.,  is  slightly  proterandrous  (Ricca)  ; 
B.  aijhstris,  L.,  is  homogamous  or  slightly  proterogynous ;  B,  par- 
nassi/oiius,  L.,  and  B.  pt/imaruSy  L.,  var.  hupkun/olius,  D.C.,  are 
proterogynous  with  persistent  stigmas.  In  all  these  species  the 
shape  of  the  nectaries  is  ver}'  variable  (6o9\ 

6.  RANCNCULrs  Flammula,  L. — The  flowers  have  scarcely 
openeil  when  the  outermost  anthers  dehisce  extroreely,  covering 
their  sides  which  are  turned  towards  the  petals  with  poUen,  so 
that  insects  which  try  to  plunder  the  honey  secreted  by  the  little 
scales  at  the  base  of  the  petals  must  of  necessity  dust  themselves 
with  pollen.  The  stigmas  are  at  this  time  concealed  or  almost 
concealed  by  the  inner  stamens,  and  so  are  ensured  against  contact 
with  insects;  they  aiv,  moreover,  not  yet  fiiUy  developed!.     The 
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Opening  of  the  anthers  progresses  slowly  towards  the  centre  of  the 
flowers,  and  each  stamen  as  it  dehisces  bends  outwards  and  turns 
its  pollen-covered  side  outwards.  These  stigmas  are  fully  developed 
before  the  iniurmo^  stamens  join  the  others,  and  the  flowers, 
which  before  could  only  dust  their  visitors  with  pollen,  can  hence- 
forth be  fertilised  either  with  their  own  or  other  pollen.  All 
visitors  which  alight,  bearing  pollen,  in  tlie  middle  of  the  flower 
effect  cross-fertilisation ;  others,  which  alight  first  on  a  petal  and 


1.— Flowrr  jiiiit  npeninit, 

I  — Howm  in  wlilth  Ihn  ■UiDienB  nra  ftillj  ilaicloj-ed,  tlie  Btiginn  bUII  liniinliir*. 
s— EwenMil  orgMu  of  s  flower  In  whlrfi  Ihr  sligmM  ut  riiUy  iiistuie.  iitiii  themntIien«r*iiol 
jrt  withered. 

a.  inuMliite  inlhen  ;  b,  antlien  Bl>out  to  dsliiirt  ■  c.  ilKt...  debiscfd  ;  d,  dllto.  empty ;  r,  Mrpel. 

touch  the  anthers  and  then  the  stigmas,  can  accomplish  either  self- 
fertilisation  or  cross- fertilisation.  So  if  insects  alight  in  equal 
numbers  in  the  two  ways,  cross-fertilisation  must  be  the  more 
frequent  result  After  numerous  observations  on  this  and  the 
foUowing  species  of  Ranunculus,  I  am  able  to  state  that  the  two 
modes  of  alighting  are  equally  common  for  small  insects ;  but  all 
larger  insects  (which  are  about  as  long  as  the  diameter  of  the 
flower)  come  in  contact  with  the  stigmas  and  the  anthers  at  the 
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Mkiiin  time,  ami  therefore  must  dust  the  stigmfta  with  poUeD  from 
otliiT  flowers ;  hence  the  croBS-fertilisations  are  still  more  numerous 
tliBU  tlio  self- fertilisations.  In  default  of  insect- visits,  the  power 
of  Nulf-feitilisation  is  retained,  some  of  the  outermost  stigmas  being 
ofluii  touched  by  pollen  from  the  innermost  anthers. 

Although  the  arrangement  of  the  flower  is  quite  like  that  of 
the  following  si)ecies  of  Ranunculus,  Ji.  Flammnla  is  very  sparingly 
vitiited  by  insects,  one  reason  at  least  being  that  its  flowers  aru 
much  smaller  and  less  conspicuous. 

Visitora:  A.  Dipteia— (a]  Syrph'tda:  (1)  Syritta  pipiens,  L.,  cp.  and  a, 
(2)  Cheilosia,  sp.  f.p. ;  (3)  Melitbrcptua  toiniatuii,  Vl^n.,  f,p.  iiiiil  e.  ;  [I) 
Muicida:  (4)  Scatophaga  manlaria,  F.,  f.p,  ;  (5)  Anthuinyia  ep.  B.  Uymen- 
ijptera— ^pi(/ar .-  (6)  Halictiia  cyliodriciw,  F.  9 ,  o.p,  ;  (7)  H.  fluvipes  F.  ?  , 
c,p,    C.  LepiiIopteTu^(8)  Satyrus  ptuupliiiuB,  L.,  g. 


L.,    is   pro terogy nous   with   persistent 


I 


Ranuntvhts    monlamts, 
stigmas  (609). 

7.  Ranunculus  Acnis,  L..  R.  bepens,  L.,  R.  bulbosus,  L. — 
These  species  agree  with  M.  Flavimula  in  the  structure  of  their 
fluwers,  and  with  each  other  in  their  habitat,  in  the  conapicuousnesa 
of  their  flowers,  and  therefore  also  in  the  insects  wluch  visit  them. 
Mr.  Thomas  Whiteleggc  (No.  774)  states  that  they  are  all  some- 
times gynoditEcious.  I  have  observed  very  many  of  the  followii^ 
visitants  in  equal  abundance  and  similarly  engaged  on  alt  these 
sjiecies;  and  I  have  even  noticed  the  hive-bee,  ivhich  in  general 
keeps  strictly  to  one  species  of  flower,  pass  from  Ranunculus  acris 
to  R.  repcna  and  R.  bulbosus,  or  cice  vend,  without  any  distinction. 
I  accordingly  catalogue  the  visitors  of  these  three  species  together. 

A.  Diplera— (n)  Emfniltt:  (1)  Empis  tcBselala,  F.,  s.  ;  (6)  Afiiidm;  (2) 
DiiKlria  atricnpilln,  Mgn.  {Tekt  B.)  ;  (r)  SgrphiJa  :  (3)  Chrysotaium  arcu- 
atuni,  L.  (Sid.),  a.  und  f.p.  ;  (4)  Chr.  ftMtivum,  L.,  d.  ;  (5)  Pipiia  funcbris, 
Mgti.,  «.  ;  (It)  P.  cliulybcata,  Mgii.,  f.p. ;  (7)  CUrysogaater  Macquarti,  Loew.  ; 
(8)  Ch.  viduato,  L.,  very  ab.,  buth  b.  and  fp,  ;  (9)  Clieiloeia  pubera,  Zett, 
f.p.,  ab.  ;  (10)  Ck  iilbiliireit,  Mgn.,  al..,  s.  aud  f.p.  j  (11)  Mulanoatuuia  mellino, 
L.,  B.  J  (12)  Plttlyclieims  albimanup,  F.  (Tekl.  B),  f.p.  ;  (13)  Syrplius  ribenii, 
L. ;  (14)  Erielalis  tenax,  L.  j  (15)  E.  arbuatonini,  L.  ;  (l(i)  E,  nemdnim, 
L.  ;  (17)  E.  aepukraliit,  L.  :  (18)  Mrlitlireptas  acriptUB,  L.  ;  (19)  M.  piulus, 
Mgn.  i  (SO)  M.  lEeaintuB,  Mgn. ;  (21)  Syritla  pipiens,  L., — the  luat  nine  ab., 
both  B.  and  Lp. ;  (rf)  Muttvltr :  (22)  Cyiloneura  cocrulescenH,  Mci^.,  s. ; 
(23)  Antbowyia,  sp.  B.  Colcoptera — (o)  NilulaliilK :  (24)  MeligetliOB,  very 
ab.,  e.  and  tp.  ;  (l>)  Dermalida  :  (25)  Bytunie  fumatUB,  F.,  f.p.,  ab.  ;  (c) 
BupTfttiila :  (26)  Antliaxia  nitidula,  L.  in  wpulfi  on  Howero  of  R.  npai*; 
(d)   Mm-dtHida:  (37)  Hnidvlln  aculeaU,  L. ;  (SB)  M.  pusiHa,  Dej. ;  (39)  H. 
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pumila,  GylL  ;  («)  (Edemeridft :  (30)  (Edemera  virescens,  L.,  ab. ;  (/) 
dstelida :  (31)  Cistela  murina,  L.,  devouring  the  petals  and  stamens ; 
(g)  CeramhycidvR :  (32)  Strangalia  nigra,  L.,  do.  ;  (A)  Chrysomelidce :  (33) 
Helodes  aucta,  F.,  devouring  the  petals,  along  ynih  its  larva;  (May  24,  1870) ; 
(34)  Cryptocephalus  sericeus,  L.,  devouring  the  anthers.  C.  Hymenoptera, — (a) 
Tenthredinidce :  (35)  Cephus  spinipes,  Pz.,  ab.,  s.  and  devouring  the  anthers  ; 
(36)  Cephus,  small  undetermined  species ;  (6)  Sphegidce :  (37)  Oxybelus 
iiniglumis,  L.  ;  (r)  Vespidce :  (38)  Odynerus  spinipes,  H.  Sch.  ?  (quinque- 
fasciatus,  F.) ;  {d)  Apidas :  (39)  Prosopis  hyalinata,  Sm.  (J,  s.  and  f.p. ;  (40) 
Halictus  longulus,  Sm.  ?,  s. ;  (41)  H.  flavipes,  F.  ?,  c.p.  ;  (42)  H.  villosulus, 
K.  9 ;  (43)  H.  sexsignatus,  Schenck,  ? ,  s. ;  (44)  H.  rubicundus,  Chr.  ? ,  s.  ;  (45) 
H.  quadricinctus,  F.  ? ,  c.p.  ;  (46)  H.  leucozonius,  Schr.  ? ,  laden  with  poJlen, 
sheltering  itself  from  the  rain  in  flowers  of  R.  bulbosus  (June  10,  1871)  ; 
(47)  EL  zonulus,  Sm.  (J ,  s. ;  (48)  H.  cylindricus,  F.  5 ,  c.p.  ;  (49)  H.  maculatus 
Sm.?  (J,  8.  and  c,p., ab.  ;  (50)  H.  nitidiusculns,  K. 9,s.;  (51)  H.  sexnotatus, 
K.  ? ,  c.p.  and  s. ;  (52)  Andrena  fulvicrus,  K.  ?  (J ,  s.  and  c.p.,  ab. ;  (53)  A. 
albicans,  K.  ?  (J ,  do.  ;  (54)  A  albicrus,  K.  (J ,  s.  ;  (55)  Panurgus  calcaratus 
Scop.,  8. ;  (56)  Chelostoma  florisomne,  L.  9  (J ,  c.p.  and  a  ;  (57)  Osmia 
rufa,  L.  (J ,  s. ;  (58)  Apis  mellifica,  L.  9  >  »•  ^'  Lepidoptera — (59)  Lycaina 
icarus,  Rott. ;  (60)  Satyrus  pamphilus,  L. ;  (61)  Polyommatus  Phloeas,  L.;  (62) 
Euclidiaglyphica,  L.,  all  s.    See  also  No.  590,  i.,  pp.  49 — 59  ;  No.  609,  p.  135. 

If  we  compare  the  insect-visitors  of  these  species  of  Ranunculus 
with  those  of  the  typical  Umbelliferse,  we  observe  the  following 
remarkable  differences.  (1)  Since  the  honey  lies  less  exposed, 
those  insects  which  are  least  fitted  for  sucking  flowers  are  ab- 
sent, viz.  Neuropteray  Ichneumonidce,  Tipulidoe,  etc. ;  Sphegidce  and 
Vespidce  are  only  met  with  sparingly.  (2)  Of  the  flies,  Syrphidcp 
form  the  great  majority ;  they  are  fond  of  brilliant  colours,  and 
are  attracted  by  the  bright  yellow  of  the  Ranunculus  flowers. 
(This  love  of  colours  is  clearly  expressed  in  their  own  colours,  the 
result  of  sexual  selection.)  (3)  It  is  also  owing  to  their  bright 
colour  that  the  flowers  are  frequented  by  the  beetle  Crt/ptoc^phalus 
sericeus,  and  that  Anthaxia  nitulula  resorts  to  them  for  pairing. 
In  these  and  in  many  other  beetles,  as  in  the  humble-bees,  it 
seems  as  if  the  habit  of  feeding  on  flowers  had  called  out  the 
colour-sense  and  the  taste  for  bright  colours,  and  that  sexual 
selection  had  then  been  guided  by  this  taste.  (4)  Bees  occur 
much  more  abundantly  on  flowers  of  Banunculus  than  on  the 
Umbelliferse,  because  the  former  are  richer  in  both  honey  and 
pollen.  These  flowers  seem  especially  to  meet  the  wants  of  the 
genus  Halictus,  of  which  I  have  taken  twelve  species  on  them, 
mostly  in  abundance.  Besides  the  least  specialised  bees  {Prosopis, 
HalictuB,  Andrena)  and  the  most  specialised  (Apis),  intennediate 
genera,  such  as  Panurg^ts  and  Chelostoma,  which  are  absent  from 
Umbellifera?,  visit  the  flowers  of  Ranunculus. 
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8.  Ranunculus  lanuginosus,  L.,  is  precisely  similar  in  the 
arrangement  of  its  flowers  to  the  three  last-named  species:  but 
growing  in  woods,  where  fewer  flower-visiting  insects  occur,  it  is 
frequented  by  a  smaller  number  of  species  in  spite  of  its  larger 
and  more  conspicuous  flowers. 

Visitors  :  A.  Diptera — (a)  Empidce :  (1)  Empis  livida,  L.,  s.  ;  (b)  Syrphidce : 
(2)  species  of  Cheilosia,  f.p.,  ab.  ;  (c)  Muscidce:  (3)  Anthomyia,  f.p.,  very 
ab.  B.  Coleoptera — (a)  NitidulidiB :  (4)  Meligethes  aeneus,  F.,  ab.  (I  could 
see  distinctly  with  a  lens  how  these  small  beetles  gnawed  the  inner  surface  of 
the  petals  and  the  stamens)  ;  {b)  DermestidcB  :  (5)  Byturus  fumatus,  L..  f.p.,  ab. 
C.  Hymenoptera — (a)  Tenthredinida: :  (6)  Cephus  pallipes,  Kl.,  very  ab.,  f.p. 
and  s.,  along  with  other  species ;  {b)  Apida :  (7)  Andrena  cingulata,  F.  ? , 
c.p. ;  (8)  Chelostoma  florisomne, L.  (J,  s.  ;  (9)  Osraia  fusca,  Christ.  9,  c.p.,  and 
at  the  same  turning  round  in  the  flower  and  emptying  all  the  nectaries  ;  (10) 
Bombus  terrestris,  L.  ? ,  s.     See  also  No.  590,  i.,  p.  51. 

9.  Ranunculus  Ficaria,  L.,  also  resembles  R.  acris,  li.  repens, 
and  B.  hulhomis,  but  it  blooms  earlier  when  fewer  flower-visiting 
insects  are  abroad,  a  disadvantage  which  is  perhaps  partly 
compensated  for,  by  the  insects  having  at  that  time  fewer  kinds  of 
flowers  to  choose  from.  At  the  beginning  of  the  flowering  period, 
we  find  as  in  R.  auricomus,  many  flowers  with  very  few  petals, 
sometimes  so  few  as  two  or  three  :  later  on  the  number  increases 
to  eight  or  even  eleven,  and  they  expand  in  the  sunshine  to  a  golden 
star  20  to  25  mm.  in  diameter. 

Visitors :  A.  Diptera — {a)  Syrphidce  ;  (1)  Brachypalpus  valgus,  Pz.,  f.p.  ; 
{b)  Mu8cid(B :  (2)  Sepsis,  ab. ;  (3)  Anthomyia  radicum,  L.,  very  ab.  ;  (4) 
Scatophaga  merdaria,  F.      B.  Hymenoptera — Aptdce :  (5)  Apis  mellifica,  L., 

9 ,  8.  and  f.p.,  ab. ;  (6)  Andrena  Gwynana,  K.   ? ,  c.p. ;  (7)  A  albicans,  K. 

9  (J ,  c.p.  and  8. ;  (8)  A.  parvula,  K.  9,8.;  (9)  Hal  ictus  cylindricus,  F.  ? ,  s.  ; 
aO)  H.  albipes,  F.  ?,  s. ;  (11)  H.  lucidus,  Schenck,  ?,  s.  ;  (12)  H.  nitidius- 
culus,  K.  5 ,  8.  C.  Coleoptera — (13)  Meligethes,  ab.,  s.,  f.p.,  and  gnawing  the 
petals.  D.  Thysanoptera— (14)  Thrips,  very  ab.   See  also  No.  590,  i.,  pp.  51, 52. 

10.  Ranunculus  auricomus,  L. — The  flowers  of  this  species 
exhibit  in  their  petals  a  great  variety  of  forms  of  nectary,  which 
are  very  remarkable  and  help  us  to  explain  the  various  nectaries 
of  diSerent  Ranunculacea?. 

The  corolla  is  seldom  regular,  but  as  a  rule,  some  or  even  all 
of  the  petals  are  more  or  less  stunted  or  even  absent,  and  the 
sepals,  with  their  bright  yellow  limb,  take  the  place  of  petals 
partly  or  completely.  The  honey-glands  at  the  base  of  the  petals 
are  subject  to  the  following  modifications.  In  the  most  perfect 
petals  (1  and  2,  Fig.  26)  the  inner  side  of  the  triangular  claw  has 
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usually  a  thickened  border  on  either  side  :  and  these  borders  fuse 
below,  and  at  their  junction  form  a  little  pit  which  secretes  honey. 
Some  perfectly  formed  petals  occur,  however,  in  which  the  honey 
is  secreted  not  by  this  hollow,  but  by  two  smaller  pits  which  stand 
to  the  right  and  left,  on  the  broader  thickened  margins  (3,  Fig.  26). 
In  very  stunted  petals  (5  to  7  mm.  long,  and  3  to  4  mm.  broad,) 
there  is  developed  upon  the  inner  side  of  the  base  a  smaller 
lamina,  which  is  fused  with  the  larger  for  the  space  of  2  to  3  mm;, 
and  has  a  free  portion  1  to  3  mm.  long.  Between  the  two  laminae, 
two  honey-canals,  separated  by  a  fold,  are  deeply  sunk  (7,  8, 
Fig.  26).     Such  petals  have  a  striking  resemblance  to  those  of 
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I  — s.  —Petals  of  Banuneuhu  aurieomu*.  9.  -Petal  of  EranthU  fciemalis.    n,  nectary. 


Eranthis  hiemalis.  Between  these  three  varieties  we  find  various, 
often  unsymmetrical,  intermediate  forms,  (4,  5,  6,  Fig.  26)  in  which 
sometimes  no  honey  is  secreted  (4,  5). 

After  completion  of  my  manirscript  I  found  (April  5  and  20,  1872)  the 
following  insects  in  flowers  of  E,  auricomus  :  A.  Hymenoptera — (a)  Apidce : 
(1)  Andrena  parvula,  K.  ? ,  c.p.  ;  (2)  A.  fdlvescens,  Sm.  (J ,  s. ;  (3)  Halictiw  cylin- 
dricus,  F.  ? ,  c.p. ;  (b)  Formicida :  (4)  an  undetermined  sp.,  licking  honey. 
B.  Diptera — (a)  Syrphida :  (5)  Pipizella  virens,  F.,  f.p.  ;  (6)  Cheilosia  ver- 
nalis,  Fallen,  f.p.  ;  {b)  Muscidm  :  (7)  Anthomyia  radicum,  Mgn.  ?  (J ,  very 
ab.,  but  80  wild  that  I  could  not  see  what  it  was  doing  ;  (8)  Scatophaga  mer- 
daria,  F.,  a.  and  f.p.  C.  Thysanoptera— (9)  Thrips,  ab.  Ants  and  Thrips 
were  observed  in  the  flowers  by  Sprengel.     See  also  No.  590,  i.,  p.  62. 

11.  Caltha  palustris,  L. — The  honey  is  secreted  by  two 
shallow  depressions  on  the  sides  of  each  carpel,  bounded  by  a  slight 
fold.  It  is  so  abundant  that  the  drops  secreted  by  the  adjacent 
sides  of  two  neighbouring  carpels  often  flow  together  into  a  large 
drop   filling   up  the  cleft   between.     Anthers  and  stigmas  ripen 
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Biraultaneoiisly,  but  cross-fertilisation  is  favoured  by  tlie  fact  that, 
as  in  Banunculvs.  the  anthers  open  outwards,  and  the  outermost 
are  the  first  to  dehisce.  Self-fertilisation  as  in 
Ranuvindus  is  still  possible.  The  very  con- 
spicuous golden-yellow  flowers,  which  expand 
to  a  diameter  of  more  than  40  ram.,  are  visited 
in  sunny  weather  by  very  numerous  insects,  of 
comparatively  few  species  owing  to  the  early 
time  of  year. 

A.    Diplewi — {a)  StraHnmyutcB :    (I)  Odontomyia  w- 
gentalo,    F.  ;    (A)    SyrphUfa :     (2)    Cheiloaia    ap.,    f.p.  ; 
HI      1.  '^'  Ascin   podiigrica,  F.,   f.p,  ;    (4)  Rhingia   roslratjl,  L., 

d  ilijoiufii  necttJT  *■?■  '  (^'  Eristalis  intricarius,  L.  (tlieso  haiKlBome  flifs 
bewingiilTopofhDury.  <]iBpIa]'ed  clearly  their  tadte  for  bright  colours  ;  they 
hovered  over  the  jellow  flowers  as  the  lualus  of  Eriatalia 
hover  ovei  Ihe  females,  thtn  suddelUy  seltled  to  BUek  honey  or  teed  on 
pollen,  and  again  flew  off  abruptly  to  another  flower  to  repeat  the  same 
acdons)  ;  (c)  Mutcidrt :  (6)  ScaUiphoga  merditria,  F.,  f.p.  ;  (7)  Anthoniyiu, 
very  ab.,  f.p.  B,  Coleopteni — Nitiduliiite  :  (B)  Meligethes,  very  ab.,  s.  and  f.p. 
C.  Hymenoptcra^vJjn'rfte .-  (B)  Andrena  albicans,  K.  ^,8;  (10)  Oarain  ruCi, 
L.  cf  1  8.  ;  (11)  Bombns  terrestris,  L.  9i  making  the  circuit  of  each  flower, 
and  licking  the  drops  of  honey  from  every  carpel  ;  (12)  Apia  nielliRca,  L.  f} , 
in  hnndreds,  collecting  pollen,  and  only  sucking  honey  to  aid  in  storing  tht? 
pollen.     See  alao  No.  590,  1.,  p.  62  ;  No,  6og,  pp.  135, 136. 

TroUius  europ^ita,  L,,  is  homogamous.  The  atigraaa  are  over- 
lopped  by  the  anthers  and  are  dusted  regularly  with  their  pollen, 
which  is  probably  outstripped  in  its  action  by  pollen  brought  from 
other  flowers  (6og). 

12.  Ekanthis  HIEMALIS,  Salisb.— This,  the  earliest  of  all 
the  Itanunculac^ie  here  considered,  exhibits  regularly  in  its  petals 
the  same  conversion  into  little  pockets  for  honey  that  our  earliest 
species  of  Ranunculus,  B.  auricomtis,  displays  occasionally.  Its 
calyx  has  completely  assumed  th.e  function  of  rendering  the  flower 
conspicuous,  a^  do  the  sepals  of  li.  auritmmis  to  a  modified  extent. 
In  other  respects  the  arrangement  of  its  flower  agrees  with  those 
last  described. 

Ou  February  26,  1S71,  I  saw  the  following  insects  on  flowers  of 
E.  hitmalis  in  my  garden,  during  bright  sunshine. 

A.  Diptera— AffUf/t/ff: ;  (1)  PoHenia  rudis,  F.,  atmking  petala,  anthera,  and 
sometimes  atipnas,  with  the  end-flaps  of  il«  prohoscin,  but  finally  thnisting  ita 
pniboscia  into  the  nectaries  j  (2)  Muaca  domeatica,  L., ditto  ;  (3)  8epsis,buBy 
nbont  the  antberBL  B.  Hymen optera—il;iirf« :  (4)  Apis  mi'llifica,  L.  9 ,  a. 
md  f.p.,  in  great  iinmbem,  saffieient  to  fertiliae  all  the  flowers. 
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In  many  seasons  with  less  favourable  weather  I  have  found 
E,  hiemalis  (which  I  have  immediately  in  front  of  my  window, 
and  can  easily  watch)  not  visited  by  insects  at  all,  and  yet  bearing 
fruit,  but  more  sparingly  than  when  insect-visita  have  taken  place . 
The  reason  of  the  smaller  number  of  seeds  is  that,  as  in  Ranun- 
culus and  Caltha,  self-fertilisation  can  only  take  place  to  a  limited 
extent :  for  when  I  fertilised  in  my  room,  one  flower  with  its  own, 
and  another  with  extraneous  pollen,  both  produced  seeds  in  equal 
abundance. 

The  species  of  Hdlehorus  are  proterogynous,  according  to 
Hildebrand(35i). 

Nigella  arvensU,  L. — The  proterandrous  flowers  of  this  plant 
are  provided  with  nectaries  covered  by  movable  lids,  and  are 
fertilised  by  bees.     They  have  been  fully  described  by  Sprengel.^ 

Nigella  damascena,  L.,  is  visited  by  Ceratina  callosa,  F.  ^,  and 
Prosopis  signata,  Nyl.  (J  (Apidse)  (590,  l). 

13.  Aquilegia  vulgaris,  L. — The  five  sepals  of  the  pendulous 
flower  form  broad  blue  expansions,  which  help  to  render  it 
conspicuous.  Each  of  the  five  petals  is  hollowed  out  from  its 
insertion  upwards  to  form  a  hollow  spur  15  to  22  mm.  long,  whose 
cup-shaped  mouth  is  wide  enough  to  admit  the  head  of  a  humble- 
bee,  and  whose  narrow  tubular  part  curves  inwards  and  downwards 
at  its  upper  end.  In  this  curved  part  is  contained  the  honey, 
which  is  secreted  by  a  fleshy  thickening  in  the  extreme  point  of 
the  spur.  Owing  to  its  cui*vature  the  point  of  the  spur  is  only 
10  to  17  mm.  above  the  insertion  of  the  petal.  To  reach  the  honey 
in  a  legitimate  way,  the  bees  hang  on  to  the  flowers  below,  grasping 
the  base  of  the  spur  with  their  forelegs,  and  holding  on  with  their 
mid  and  hindlegs  to  the  column  formed  of  the  stamens  and 
carpels,  which  projects  perpendicularly  or  obliquely  downwards 
from  the  centre  of  the  flower ;  the  head,  meanwhile,  is  introduced 
into  the  aperture  of  the  spur,  whose  outer  wall  its  upper  surface 
touches,  and  the  end  of  the  proboscis  follows  the  curvature  of  the 
spur.  Since  bees  very  easily  bend  the  end  of  their  proboscis 
dowTiwards,  but  scarcely  bend  it  voluntarily  in  the  opposite  direction, 
the  position  just  described  is  the  only  one  suitable  for  them  to 
reach  the  honey.  This  position  entails  that  in  younger  flowers 
the  hinder  and  lower  surface  of  the  bee's  body  touch  the  anthers, 
which  closely  surround  the  carpels  and  which  are  covered  on  their 

'  See  also  Kemer,  No.  386,  i>.  101,  for  an  account  of  the  pits  in  H.  sativa  and 
J\r.  elaia. 
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outer  side  with  pollen  ;  while  in  older  flowers  the  same  parts 
come  in  contact  with  the  carpels  which  have  elongated  and  spread 
their  stigmas  more  widely  apart.  Cross-fertilisation  is  the  iuevitable 
result.  Thus  the  Columbine  is  admirably  adapted  for  fertilisation 
by  humble-bees :  but  to  reach  the  honey  they  must  have  a 
proboscis  at  least  10  to  17  mm.  long,  even  supposing  that  they 
stick  their  heads  fully  into  the  mouth  of  the  spur  and  so  shorten 
the  passage  by  about  5  mm.  This  fully  explains  the  actions  of  the 
insects  that  I  have  observed  on  this  flower.  Bombus  horlorum, 
L.  9  (with  a  proboscis  19  to  21  mm.  long),  is  the  only  insect 
that  I  have  found  very  abundant  on  it;  B,  agrarum,  F.  ?  (with  a 
proboscis  12  to  15  mm.  long)  is  found  much  more  rarely,  sucking 
the  flowers  in  the  regular  way  and  accomplishing  cross- fertilisation. 
I  saw  B.  terrestris,  L.  ?  (with  a  proboscis  7  to  9  mm.  long),  fly  on  to 
the  upper  surface  of  a  flower,  and  lick  over  the  base  of  the  sepals, 
and  on  finding  nothing  there,  creep  to  the  lower  surface,  and  thrust  its 
head  into  the  spur.  Then  it  again  crawled  on  to  the  upper  surface, 
and  again  licked  fruitlessly  the  base  of  the  sepals;  and  finally, 
biting  a  hole  in  the  spur  at  the  curved  part,  it  introduced  its 
proboscis  and  plundered  the  honey.  Without  further  consideration 
it  proceeded  to  secure  the  honey  of  the  other  petals  and  of  other 
flowers  in  the  same  manner.  The  numerous  other  individuals  of 
B.  terrestris,  L.  ?,  which  I  before  and  afterwards  observed  thus 
perforating  the  spur,  had  probably  first  learned  by  trial  how  the 
honey  might  be  won. 

I  have  often  seen  B.  terrcstris  bite  through  the  spurs  of  still 
unopened  flowers,  and  so  forestall  all  legitimate  visitors.  The 
hive-bee  also,  as  Sprengel  noticed,  bites  through  the  spur  at  the 
bend  and  steals  the  honey :  it  often  takes  advantage  of  the  holes 
made  by  B.  ttrrestin^, 

I  have  seen  smaller  bees,  Halictxts  SnuathmaneUtis,  K.  ? ,  and 
H.  Icucozonius,  Schr.  9 ,  collecting  pollen  on  these  flowers,  which  they 
would  naturally  fertilise  by  doing  so. 

On  a  double  garden-variety  of  the  Columbine,  in  which  seve- 
ral spurs  are  placed  one  within  another,  I  noticed  a  hive-bee 
tlirusting  its  head  in  the  regular  manner  into  the  inner  spur ;  and 
I  could  see,  through  the  transparent  flower,  the  tongue  stretched 
out  to  its  fullest  extent  without  reaching  the  honey. 

In  default  of  in  sect- visits,  self-fertilisation  must  easily  take 
place,  owing  to  the  position  of  the  parts  of  the  flower. 

Aquilegia  atrata,  Koch,  is  also  proterandrous,  and  visited  by 
humble-bees  (609,  p.  137). 
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14.  Delphinium  elatum,  L. — This  common  garden  plant  is 
marked  off  by  the  unusual  function  of  the  two  whorls  of  the 
perianth  from  most  other  plants,  and  in  part  even  from  other 
species  of  larkspur;  while  it  agrees  with  the  latter  in  the  early 
development  of  the  stamens  atid  in  the  peculiar  movements  of 
the  stamens  and  stigmas. 


■tUmii,  mppeor  between  them  (tt  b*,  3}  lu  the  i>at^i  L>r  the  LnBectn  vrr'boscli ;  c.  kdi 
deUKid.  pUmI  latliB  wmj  "t  tlie  iSHct'ii  pruduscis^  it.  uithen  nWh  biivo  notyel 
dDvnwapfi,  wtrerlDfl  the  fenuJe  orgftu;  f,  baa«  of  the  aUuLens  and  euiKlfl.  w 
nMiioT«d;/,irith«RdstaDienalMntdvirniranli ;  0.  ovirlen  ;  k.  HtlginBdwblcb  bavep] 


Jaul.'i.  MtDimliliei  I. 


The  five  large,  blue,  expanded  sepals  make  the  fiowers  visible 
from  far  off  to  humble-bees,  and  serve  the  purpope  of  a  corolla. 
The  hollow  spur  of  the  uppermost  sepal  neither  secretes  nor 
contains  honey.  Its  peculiar  rough  and  crumpled  wall  serves 
rather  as  a  cover  for  the  organs  which  secrete  and  conceal  the 
honey,  which  without  it  would  be  exposed  to  the  rain ;  and  also 
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it  forces  the  humble-bees  to  suck  the  honey  by  the  way  that  alone 
leads  to  fertilisation. 

The  two  upper  petals  serve  a  very  diflferent  purpose.  In  each  the 
hollow  pointed  end  of  the  spur  (a^  3,  5),  which  is  directed  back- 
wards and  is  inclosed  in  the  hollow  sepaline  spur,  secretes  honey 
and  becomes  so  full  of  it  that  part  rises  into  the  wide,  half-conical  ^ 
part  of  the  spur  which  is  open  on  the  inner  side  (a',  5).  When 
both  petals  lie  close  to  one  another,  they  form  together  a  hollow 
cone,  which  splits  at  the  end  into  two  points  filled  with  honey, 
and  guides  the  insect's  proboscis,  if  long  enough,  safely  to  the 
honey,  while  by  its  length  it  prohibits  the  access  of  insects  with 
shorter  tongues.  The  anterior  portions  of  the  same  petals 
produce  the  upper  part  of  this  hollow  cone  further  forwards,  and 
serve  to  give  the  bee's  proboscis  a  convenient  entrance  and  more 
certain  path  to  the  honey.  Since  these  anterior  portions  of  the 
upper  petals  separate  easily  on  slight  pressure  from  within,  the 
whole  head  of  a  humble-bee  may  be  thrust  in  between  them, 
whereby  the  distance  to  the  honey  is  shortened  by  6  to  7  mm.  The 
length  of  the  hollow  cone  from  its  entrance  to  the  anterior  end  of 
the  honey-bearing  prolongation  is  about  20  mm.,  and  to  the  apex  of 
the  latter  26  to  28  mm. ;  so  that,  when  the  whole  bee's  head  is 
thrust  into  the  aperture,  a  proboscis  13  to  14  mm.  long  is  needed 
to  reach  the  honey,  and  one  19  to  22  mm.  long  to  suck  it  all  up. 
Hence,  of  all  our  native  bees,  Anthophora  pilipes,  F.,  and  Boiiibus 
hortorum,  L.,  can  alone  exhaust  the  honey. 

The  two  lower  petals  are  of  service  in  several  ways.  Their 
anterior  surfaces  point  by  bundles  of  upright  yellow  hairs  towards 
the  entrance  to  the  honey,  that  is  to  say,  they  serve  as  path- 
finders ;  and  as  they  stand  close  together  and  bound  this  entrance 
below,  they  leave  the  bee  no  choice  but  to  thrust  its  proboscis  into 
the  only  proper  place,  viz.,  the  interval  between  the  two  pairs  of 
petals.  Those  parts  of  them  immediately  behind  the  entrance  to 
the  tube  stand,  on  the  other  hand,  so  widely  apart  (b*,  2)  that  they 
leave  free  space  for  the  stamens  and  for  the  carpels  (after  the 
stamens  have  withered  and  bent  back)  to  erect  themselves  in  that 
part  of  the  hollow  cone  lying  close  behind  the  entrance,  where  they 
inevitably  come  in  contact  with  the  under  surface  of  the  body  and 
head  of  the  bee. 

With  sufficient  insect  visits,  which  this  handsome  plant  never  fails 
to  receive,  cross-fertilisation  is  completely  insured  by  the  proter- 
androus  dichogamy,  and  by  the  movements  of  stamens  and  carpels 

'  i.e.  forming  the  lon^tndiiial  half  Rection  of  a  rono. 
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which  are  so  completely  in  relation  to  the  movements  of  the  bee's 
head.  The  stamens  in  the  unripe  condition  are  bent  down,  when 
they  dehisce  they  stand  upright  in  the  path  of  the  bee's  head, 
and  when  they  are  withered  they  sink  completely  down.  The 
carpels  erect  themselves  after  the  withering  of  the  last  of  the  stamens, 
and  their  stigmas  then  stand  in  the  way  of  the  bee's  head.  Self- 
fertilisation  cannot  take  place  in  absence  of  insects.  Of  the  two 
native  bees  whose  proboscides  are  of  sufficient  length  to  suck  the 
honey  of  this  flower  thoroughly,  ArUhophara  pilipes  has  finished  its 
period  of  flight  and  has  disappeared  when  D.  elatum  flowers.  B. 
horlorum  therefore  remains  as  the  only  indigenous  bee  fitted  for 
sucking  up  the  honey  of  Delphinium,  and  it  is  in  fact  found  in 
great  abundance  on  the  flower.  Many  of  our  other  species  of  bees 
are  well  fitted  for  sucking  a  portion  of  the  honey,  but  I  have  never 
seen  any  of  them,  or  any  other  species  of  insect,  sucking  on  D,  elatum. 
At  Strassburg,  D,  elatum  is  visited  also  hy  Anthophora  persanata, 
III  9  (S90, 1.). 

Delphinium  Staphysagria,  L.,  described  and  figured  by  Hilde- 
brand  (356,  p.  473)  agrees  in  most  points  of  its  floral  arrangement 
with  D.  elatum,  and  is  likewise  fertilised  by  humble-bees. 

15.  Delphinium  Consolida,  L.,  differs  in  the  arrangement  of  its 
flower  from  D,  elatum  chiefly  by  the  coalescence  of  the  four  petals 
into  a  single  piece,  which  leads  to  the  following  modifications.  The 
two  upper  petals  unite  by  means  of  their  backward  directed  processes 
into  a  single  spur,  the  pointed  end  of  which  secretes  and  contains 
the  honey  ;  their  expanded  portions,  which  are  turned  forward,  also 
coalesce  lengthwise  with  one  another,  and  therefore  cannot  be  thrust 
apart  on  the  entrance  of  the  bee's  head  ;  but  in  conjunction 
with  the  lower  petals  they  form  a  sheath  which  is  well  adapted  to 
receive  the  bee's  head,  and  is  only  open  below.  Here  in  the  first 
stage  of  flowering  it  presents  the  anthers,  and  in  the  second  the 
jstigmas,  for  contact  with  the  under  surface  of  the  bee's  head.  The 
lower  petals,  which  thus  form  the  side  walls  of  the  sheath  or  tube, 
unite  with  the  upper  ones,  but  not  with  one  another,  and  yield 
laterally  when  the  bee's  head  is  thrust  in.  Path-finders  and 
a  lower  boundary  of  the  entrance  to  the  spur  are  wanting 
here. 

Since  the  cycle  of  development  and  movement  of  stamens  and 
anthers  agrees  with  that  in  D.  elatum,  cross-fertilisation  is  in  like 
manner  insured  on  the  occurrence  of  insect-visits ;  and  similarly, 
if  they  fail  to  occur,  self-fertilisation  is  impossible. 
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In  July,  1868, 1  assured  myself  of  the  actual  certainty  of  cross- 
tertilisation  by  direct  observation.  I  saw,  in  Thuringia,  upon  a 
field  covered  with  wild  larkspur  in  flower,  numerous  examples  of 
Bomlms  hortorum,  L.  ?  and  9 ,  sucking  at  the  flowers  of  this  species 
with  such  diligence  that  certainly  no  flower  in  its  second  period 
can  have  escaped  being  fertilised. 

Since  the  length  of  the  spur  is  about  15  ram.  from  its  insertion,  to 
which  must  be  added  the  wide  entrance,  7  mm.  long,  a  proboscis 
fully  15  mm.  long  is  needed  to  suck  the  honey  in  the  normal  way. 
Besides  Bomlms  hortorum,  L.  (17  to' 21),  B,  agromm,  F.  (10  to 
15),  B,  fragranSy  K.  (15)  and  B.  scnili%  Sm.  (14  to  15),  some 
species  of  Anfhophora,  viz.,  A.  cestivalis  Pz.  (15),  A,  return,  L.  (16 
to  17),  and  A,  pilipes^  F,  (19  to  21),  are  all  fitted  for  sucking  the 
honey ;  but  all  must  do  so  with  greater  loss  of  time,  through 
having  to  force  the  head  deep  into  the  entrance  to  the  spur, 
except  A,  pili]}eSj  whose  season  is  over  when  Delphinium  comes 
into  flower.  Boinhus  horforum  seems  thus  to  be  the  ^ only  species 
which  is  well  adapted  for  the  flower ;  but  the  diligence  of 
this  one  species  compensates  the  plant  for  the  exclusion  of 
all  other  insects.  I  have  noticed  Satynts  and  species  of  ffesperia 
sucking  at  the  flowers,  and  sinking  their  thin  proboscides  into 
the  spur,  but  apparently  they  did  not  touch  the  anthers  or 
stigmas. 

Dr.  Ogle  gives  in  the  Pojndar  Science  Rcvieio  (631)  a  description 
of  a  species  of  larkspur  which  differs  from  those  here  described  in 
that  the  honey  secreted  by  the  upper  petals  is  contained  in  the 
spur  of  the  posterior  sepal.  I  unfortunately  cannot  determine 
which  species  of  Delphinium  is  referred  to  as  "  the  blue  larkspur 
of  our  gardens." 

Delphinium  AjacUj  L.,  described  by  Sprengel,  agrees  in  most 
points  with  I).  Consolida,  and  is  likewise  fertilised  by  humble- 
bees. 

1  (>.  AcoNiTUM  N APELLUS,  L. — This  plant  is  distributed  through- 
(^ut  the  Alps,  especially  about  the  Sennerei.  It  has  distinctly  proter- 
androus  flowers,  which  are  visited  by  humble-bees,  as  Sprengel  long 
ago  observed.  The  two  posterior  sepals  cohere  to  form  a  helmet- 
shaped  structure,  which  shelters  the  anthers  and  nectaries ;  the 
two  lateral  sepals  give  foothold  to  the  mid  and  hindlegs  of 
humble-bees  ;  all  four  play,  in  addition,  the  part  of  petals,  making 
the  flower  conspicuous  by  their  blue  colour.  Of  the  four  petals, 
the  two  anterior  help  to  close  in  the  essential  organs  laterally; 
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the  two  posterior  are  tmnaformed  into  long-stalked  aectaries,  only 
accessible  conveniently  to  humble-bees.  The  well-marked  pro- 
terandry  insures  cross-fertiJisation  if  humble-bees  visit  the  flower, 
and,  as  a  rule,  prevent*  aelf-fertihsation  in  absence  of  insects 
C609). 

17.  AcoNlTUM  Lycoctonum,  L. — The  structure  of  the  liower 
is  for  the  most  pMt  similar  to  that  of  A.  Napellus,  but  the 
helmet  and  the  nectaries  are  so  exceedingly  long  that  only  an  insect 
whoae  jwoboscis  is  veiy  exceptionally  long  can  reach  the  honey. 
In  point  of  fact,  in  the  plains  (in  a  wood  at  Thule,  near  Paderboin) 
I  have  found  it  visited  exclusively  by  Bomhtts  kortortiin,  L.  2 
(proboscis,  21  mm.),  whose  proboscis  is  the  iongpst  nmong  lowland 


-.  ditto,  bttoiiilt-    - 
nd  bcndlnn  bicki 


uentlil  orguii  in  the  le 


humble-bees,  and  on  the  Alps  exclusively  by  IS.  opvU-ntus,  Gerst. 
(22  mm.),  whose  proboscis  is  the  longest  among  Alpine  species. 
£.  opulcntus  has  not  as  yet  been  observed  upon  any  other  flower, 
either  by  Prof.  Gerstacker,  who  discovered  and  described  it,  or  by 
myself  (609). 
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Acunitum  septcTUrionale,  Koell.,  has  likewise  proterandrous  flowers, 
figured  by  Axell  (17). 

Pceonia  Mmitan,  Sims.,  according  to  Delpino,  is  regularly  fertilised 
by  CetoniaB,  which  lick  the  fleshy  disk  around  the  carpels.* 


REVIEW  OF  THE  RANUNCULACE^. 

While  the  Umbelliferse  form  a  numerous  family  where  a  certain 
sum  of  adaptations  insuring  cross-fertilisation  has  been  inherited 
from  ancestral  forms  and  descends  through  all  branches  of  the 
family,  in  RanunculacecBf  on  the  other  hand,  we  have  a  family 
whose  separate  divisions  have  developed  for  themselves  quite 
distinct  advantageous  modifications.  We  see  conspicuousness 
insured  in  Ranunculus  by  the  petals ;  by  the  sepals  in  ErarUhis, 
Hellehanis,  Anemone,  Caltha ;  by  both  together  in  Aquilegia  and 
Delphinium ;  by  the  stamens  in  Thalietrum,  Honey  is  wanting 
in  Clematis,  Thalictrum,  and  Aiumone :  it  is  secreted  by  the  sepals 
in  certain  Pceonies ;  by  the  petals  in  Ranunculus,  Eranthis,  Helle- 
horns,  Niyella,  Aquilegia,  Delphinium,  Aconitum  ;  by  the  filaments  in 
Atragenc  ;  by  the  anthers  in  Pulsatilla  ;  by  the  carpels  in  Caltha : 
it  is  sometimes  easily  accessible,  at  other  times  more  or  less 
deeply  hidden.  Such  a  variety  of  diflferent  adaptations  is  explained 
by  supposing  many  different  ways  of  attaining  perfection  to  have 
been  available  for  the  plants  when  their  flowers  had  not  yet  been 
modified  so  far  as  to  insure  cross-fertilisation. 

An  easily  accessible  situation  of  the  honey  in  simple,  regular 
flowers  carried  with  it  the  advantage  of  abundant  insect-visits ;  but 
at  the  same  time  the  objection  that  the  visitors  crept  about  the 
flowers  in  various  ways,  often  accomplishing  only  self-fertilisation, 
often  leaving  the  flower  still  unfertilised.  Honey  more  deeply 
placed  brought  the  disadvantage  that  a  great  multitude  of 
insects  were  shut  out ;  but  this  advantage,  that  the  bees  with  long 
proboscides  had  to  move  in  a  particular  way  to  reach  the  honey, 
and  so  stamens  and  pistils  could  in  a  simple  manner  be  an-anged 
so  as  to  render  cross-fertilisation  inevitable.  We  find  self-fer- 
tilisation possible  in  all  regular  Ranunculaceous  flowers  with 
easily  accessible  honey ;  but  prohibited  by  well-marked  proter- 
andry  in  all  those  with  deeply  situated  honey,  whether  regular,  as 

^  Lists  of  visitors  to  the  following  additional  species  are  given  in  my  Weitere 
Beobcichtungm,  pt.  i.:  Clematis  Vitalha,  L.,  Thalictrum  minius,  L.,  ffepatica  trifoba. 
Oil.,  PulscUilla vulgaris,  Mill.,  Anemone  silvestns,  L.,  A.  ranunculoides,  L.,  Adonis 
vernalis,  L.,  Myosurus  minimus,  L.,  Aet/ea  spieaia,  L. 
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AquUegia,  or  irregular,  as  Delphinium  and  Aconitum ;  and  so  we 
may  conclude  that  in  the  Ranunculacese  the  certainty  of  cross- 
fertilisation  has  been  more  efiectually  attained  by  flowers  being 
specially  adapted  for  a  few  species  of  bees,  than  by  attracting  a 
great  multitude  of  diflferent  guests.  We  must  however  beware 
of  taking  this  as  a  general  conclusion ;  for  in  Umbelliferse  the  still 
more  open  situation  of  the  honey,  aided  by  the  massing  together 
of  many  flowers,  insures  cross-fertilisation,  through  proterandrous 
dichogamy,  even  so  far  as  to  permit  loss  of  the  power  of  self- 
fertilisation. 

Only  those  Ranunculacese  seem  to  me  to  be  adorned  with 
blue  colours  which  are  cross- fertilised  by  bees,  eg,  ffepatica 
triloba,  which  is  fertilised  by  pollen -collecting  bees,  or  the 
species  of  Aquilegia,  Aconitum,  and  Dcl2)hinium,  which  seem 
adapted  for  humble-bees  by  the  whole  structure  of  their  flowers. 
The  easy  transition  in  Hepaticas  from  blue  to  pink,  and  even  to 
white,  may  be  most  easily  explained  as  a  case  of  reversion  (tnWe 
also  609). 

Obd.  CALYCANTHACEM 

Chimonanthus  fragrans,  Lind.,  has,  according  to  Hildebrand,  pro- 
terogynous  flowers.  In  the  first  stage,  the  still  immature  stamens 
are  bent  away  from  the  stigmas,  which  receive  pollen  from  other 
flowers ;  in  the  second  stage,  the  ripe  stamens  arch  over  the  stig- 
mas and  prevent  access  to  them  (356,  p.  491).  Delpino  saw  the 
flowers  visited  by  an  Osniia  at  Florence  (177,  p.  59). 

Galycanthus  floridus,  L.,  according  to  Delpino,  is  markedly  pro- 
terogynous  with  short-lived  stigmas;  it  is  devoid  of  honey,  and 
is  probably  fertilised  by  Cetonice  (177,  p.  58). 

Ord.  mag  no  LI  AC  EJH, 

nudum  religiosiim  has  in  the  middle  of  the  flower,  according 
to  Delpino,  little  papillae,  very  rich  in  honey  and  resembling 
stigmatic  papillse,  which  probably  serve  as  bait  for  a  Cetonia  (567). 

Magnolia  Yulan,  Desf.,  is  proterogynous.  According  to  Delpino, 
bees  fly  into  the  upright  flowers,  and  in  the  first  period  are  neither 
able  to  creep  up  the  smooth  petals,  nor  to  rise  in  flight  from  the 
short  pistil  which  stands  erect  in  the  centre  of  the  flower.  They 
remain  prisoners  until  in  the  second  period  the  petals  spread  out, 
and  the  bees  then  fly  away,  dusted  with  pollen,  to  another  flower 
(178,  360,  p.  593). 
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Magnolia  grandiflora,  L. — Rose-beetles  {Cetonia  aurata  and 
stictica)  resort  to  the  scarce  opened  flowers.  They  find  shelter 
beneath  the  three  inner  petals,  which  form  a  vault  over  the  stigmas, 
warmth  which  is  so  considerable  that  it  is  sensible  to  the  touch, 
and  honey  lying  on  and  between  the  stigmas.  They  remain  in  this 
pleasant  refuge,  until  the  sepals  or  petals  fall  off,  and  then,  laden 
with  pollen,  they  fly  away  to  other  flowers.  In  the  first  period  only 
stigmas,  and  in  the  second  only  anthers,  are  mature,  so  self-fer- 
tilisation is  impossible,  and  the  beetles,  flying  from  flower  to  flower, 
accomplish  cross-fertilisation  regularly  (178,  360,  p.  594). 

Obd.  ANONACEjE. 

Asimina  triloba,  Dunab.,  is  proterogynous  with  short-lived 
stigmas.  In  the  middle  of  the  bell-shaped,  pendulous  flower 
rises  a  hemispherical  mass  of  stamens,  from  the  midst  of  which 
some  stigmas  protrude.  The  three  inner  petals,  which  secrete 
honey  at  their  base,  lie  in  the  first  period  close  upon  the  stamens  ; 
they  compel  the  flies  which  visit  the  flower  to  touch  the  already 
mature  stigmas  on  their  way  to  the  honey.  Cross-fertilisation  is 
effected  if  the  flies  come  bringing  pollen  from  an  older  flower. 
Delpino  counted  seven  species  of  Diptera  visiting  the  plant 
(178,  p.  231  ;  360,  p.  672). 

Obd.  BERBERIDEjE. 

18.  Berberis  vulgaris,  L. — Sprengel  describes  and  figures  the 
flower^  as  hanging  down  vertically.  This,  however,  is  seldom  the 
case  ;  most  are  horizontal  or  inclined  obliquely  downwards.  They 
are  not  fully  protected  by  their  position  from  the  weather,  but  the 
three  inner  sepals  and  the  six  petals,  which  as  well  as  the  sepals 
are  curled  inwards  at  their  points,  protect  the  stamens  together 
with  the  honey-glands  and  honey  from  rain.  The  three  inner 
sepals  make  the  flower  conspicuous  by  their  yellow  colour,  and 
the  petals  completely  embrace  the  stamens  so  long  as  the  latter 
are  undisturbed.  The  honey-glands  are  two  thick,  oval,  fleshy, 
orange  bodies,  lying  quite  close  together  on  the  inner  side  and 
near  the  base  of  each  petal  The  filaments  are  so  much  expanded 
as  to  touch  each  other  at  the  base ;  before  being  irritated  they  are 
bent  so  far  back  that  each  is  in  contact  with  the  part  of  a  petal 
below  the  honey-glands,  and  also  with  the  adjacent  halves  of  the 
two  honey-glands.  There  is  thus  no  room  for  the  honey  to 
accumulate   between  petals  and  stamens,  but  it  must  flow  into 
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the  angles  between  stamens  and  ovary,  which  are  always  found  to 
be  quite  full  of  honey.  Every  insect- visitor  must  thrust  its 
proboscis  into  one  of  these  angles ;  and  in  doing  so  it  causes  the 
two  stamens  which  the  base  of  its  proboscis  touches  to  spring 
inwards  towards  the  pistil,  and  to  dust  with  pollen  one  side  of  its 
head,  which  is  thus  shut  in  between  two  anthers  and  the  stigma. 

The  stigma  is  represented  by  the  papillose  and  viscid  edge  of  a 
disc  which  surmounts  the  ovaiy  and  occupies  the  middle  of  the 
flower;  one  side  of  the  insect's  head,  opposite  to  that  touched  by 
the  stamen,  comes  in  contact  with  the  stigma.  The  insect  usually 
flies  away  at  once  after  the  first  drop  of  honey  on  being  struck  by 
the  stamen,  and  as  it  thrusts  its  head  or  proboscis  into  the  flower 
in  many  different  ways  as  the  diff'erent  positions  of  tiie  flower 
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require,  now  under  now  over  the  stigma,  now  to  the  right,  now  to 
the  left,  its  head  must  soon  be  dusted  all  round  with  pollen,  and  it 
must  fertilise  every  succeeding  flower  that  it  visits.  It  can  only 
accomplish  self-fertilisation  if  in  the  same  flower  it  plunges  its 
proboscis  first  to  the  right  and  then  to  the  left,  or  first  over  and 
then  under  the  stigma.  In  the  case  of  the  hive-bee  I  have 
distinctly  observed  that  it  seldom  proceeds  in  this  manner.'  It 
never  makes  a  circuit  of  the  flower,  for  it  fiies  away  and  seeks 
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auother  as  soon  as  it  is  struck  by  the  stamens  whose  bases  it  has 
touched,  and  it  rarely  thrusts  its  proboscis  a  second  time  into  the 
same  flower.  When  it  plants  its  forelegs  upon  the  flower,  it 
usually  causes  the  greater  number  of  the  stamens  to  close  in  upon 
the  pistil. 

I  have  often  seen  humble-bees,  on  the  other  hand,  thrust  their 
proboscides  again  and  again  into  the  same  flower. 

It  is  clear  from  the  above  that  Sprengel  is  in  error  when  he 
explains  the  flower  of  the  barberry  as  adapted  for  self-fertilisation ; 
and  this  is  proved  most  unequivocally  by  a  closer  examination  of 
the  movement  of  the  anthers  upon  irritation. 

Before  the  flower  opens  the  anthers  stand  on  a  level  with  the 
stigma ;  they  are  closely  applied  to  the  stigma  in  the  bud,  but  in 
the  opening  flower  they  are  bent  as  far  backwards  as  the  sur- 
rounding petals  allow.  As  soon  as  the  petals  begin  to  diverge, 
the  anthers  dehisce,  the  lid  flying  up  and  remaining  attached  only 
to  the  extreme  end  of  the  connective,  which  is  here  at  its  broadest. 
The  anther-lid  carries  with  it  almost  all  the  pollen,  and  after  rising 
to  its  full  height  it  turns  that  side  which  bears  the  pollen  inwards 
towards  the  middle  of  the  flower.  If  the  stamens  are  now  touched 
at  their  bases  and  made  to  move  inwards,  the  masses  of  pollen  do 
not  come  on  a  level  with  the  stigma,  but  stand  above  it ;  so  that 
even  those  parts  of  the  masses  of  pollen  which  do  not  touch  the 
insect,  excluding  some  little  scattered  particles,  do  not  come  in 
contact  with  the  stigma :  the  insect's  head  or  proboscis,  however, 
in  being  drawn  back  and  nibbed  against  the  masses  of  pollen 
gets  dusted  with  pollen  just  in  those  parts  which  will  come  in 
contact  with  the  stigma  in  other  flowers. 

If  insect-visits  altogether  fail,  then,  as  the  flowers  wither,  the 
masses  of  pollen  come  of  themselves  into  contact  with  the  stigma 
through  the  bending  inwards  of  the  anthers.  I  have  observed  this 
in  specimens  kept  in  my  room,  but  I  cannot  say  what  results  follow 
self-fertilisation  at  such  a  late  period. 


Visitors  :  A.  Diptera — (a)  Syrphidat :  (1)  Helophilus  floreu8,  L.,  very  ab.  ; 
(2)  H.  penduhis,  L.  ;  (3)  Eristalis  tenax,  L.,  ab.  ;  (4)  E.  arbustorum,  L.  ;  (5) 
E.  nemorum,  L.  ;  (6)  Rhingia  rostrata,  L.,  ab.  ;  {b)  Afuscuias :  (7)  Onesia 
lioralis,  R.  D. ;  (8)  0.  sepulcralis,  Mgn.  ;  (9)  0.  cognata,  Mpn.  ;  (10)  Musoa 
domestica,  L.  ;  (11)  M.  corvina,  F.  B.  Hymenoptera — (a)  Apidce :  (12) 
Apis  mellifica,  L.  $,  ab.  ;  (13)  Bombus  lerreetris,  L.  ?  ;  (14)  B.  pratorum, 
L.  $  ;  (15)  Andrena  Trimmerana,  K.  ?  ;  (16)  A.  helvola,  L  ^ ;  (17)  A. 
fulvicrus,  K.  (J,  ab.  ;  (18)  A.  fulva,  Schrk.  9»  moderately  ab.  ;  (19)  A. 
albicans,  K.  ?  ;  (20)  A.  Sraithella,  K.   ?  ;  (21)  Halictus  rubicund  us,  Chr.  ? 
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(b)  VespidcB :  (22)  Vespa  holsatica,  F.  §  ;  (23)  V.  rufa,  L.  § .  C.  Coleop- 
tera— (a)  DermestidiE :  (24)  Attagenus  pellio,  L.  ;  (6)  Cocdndlida :  (25) 
Coccmella  Mpunctata,  L.  All  were  sucking  honey  ;  Bombus  pratomm  and 
Andrena  fulva  were  also  collecting  pollen.     See  also  590,  i.,  and  609. 


Obd.  JSYMPHJEACEJ^, 

19.  NuPHAR  LUTEUM,  Smith. — The  sepals,  as  Sprengel  clearly 
showed,  have,  by  their  increased  size  and  the  yellow  colour  of  their 
upper  surface,  taken  on  the  function  of  a  corolla  :  the  under  side 
of  the  petals  secretes  honey.  Sprengel  found  only  small  beetles  of 
the  genus  Meligethes  in  the  flowers :  I  have  seen  besides  Meligethes 
various  flies  and  other  small  beetles  creeping  about  the  flowers  and 
flying  from  one  to  another;  they  effected  self-fertilisation  and 
cross-fertilisation  indifferently.  I  was  only  able  to  catch  Onesia 
floralis,  R.D.  (Muscidce),  and  Donacia  dentata,  Hoppe  {Ghryso- 
melidoE)  ;  both  were  richly  dusted  with  pollen. 

Nymphcca  alba,  L.,  and  Victoria  regia,  Lind.,  are,  in  Delpino's 
opinion,  fertilised  by  Cetoniw  and  Glaphyridce.     See  also  No.  775. 

OttD.  PAPAVEnACE.E. 

20.  Papaver  Rhceas,  L. — The  numerous  anthers  stand  close 
round  the  stigma,  and  dehisce  before  the  opening  of  the  flower. 
They  cover  themselves  with  pollen,  part  of  which  reaches  the 
lower  part  of  the  stigmatic  lobes,  while  the  higher  central  parts 
of  the  stigmatic  lobes  protrude  free  from  pollen.  Its  flowers 
contain  no  honey,  and  are  therefore  visited  solely  by  pollen-seeking 
insects,  which  find  the  broad  stigmatic  surface  the  most  convenient 
place  on  which  to  alight.  They  necessarily  accomplish  cross- 
fertilisation  if  they  have  come  from  another  flower,  and  this 
cross-fertilisation  probably  prevails  in  its  action  over  the  self- 
fertilisation  which  has  already  taken  place. 

Visitors:  A,  Hymenoptera— -^jjiWcc;  (1)  Halictus  sexnotatus,  K.  9 >  very 
ab.  ;  (2)  H.  flavipes,  F.  ? ,  ab  ;  (3)  H.  longulus,  Smith,  ?  ;  (4)  H.  cylindri- 
CU8,  K.  ?  ;  (5)  H.  maculatus,  Sm.  ?  ;  (6)  Andrena  dorsata,  K.  ? ,  ab.  ;  (7)  A. 
fulvicrus,  K.  9  ;  ^H  collecting  pollen,  and  dusted  thickly  with  it.  B.  Diptera 
— SyrphidcB  :  (8)  Cheilosia,  f.p.  C.  Coleoptera — Niiidulidce :  (9)  Meligethes, 
very  ab.,  f.p.  D.  Orthoptera — (10)  Forficula  auricularia,  L.,  both  larvae  and 
perfect  insects  hiding  in  the  base  of  the  flower.     See  also  No.  590,  i. 

Whether,  in  default  of  insect- visits,  the  self-fertilisation  which 
inevitably  takes  place  leads  to  development  has  still  to  be  decided 
by  experiment.     Probably  it  does  so,  as  Hildebrand  has  found  that 
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Argemone  ochroletuca,  Glaiicium  luteum,  and  Papaver  argemonoides 
all  bear  seed  when  fertilised  with  their  own  pollen  (358). 

Papaver  Argemo7if,,  L. — The  flower  has  exactly  the  same 
structure  as  P.  Bhoms,  the  only  diflference  being  that  a  smaller 
part  of  the  stigmatic  lobes  is  exposed  to  self -fertilisation. 

In  Papaver  dubium,  L.,  the  stigma  stands  some  millimeters 
above  the  level  of  the  anthers,  so  that  self-fertilisation  can  only 
take  place  in  a  down-turned  position  of  the  flower.  Perhaps  the 
fact  that  this  species  is  much  rarer  than  the  others  (in  Westphalia, 
at  least)  is  due  to  the  impossibility  of  self-fertilisation. 

Papaver  alpinurriy  L.,  is  homogamous,  and  (when  cultivated) 
is  sterile  to  its  own  pollen.  The  flowers  are  devoid  of  honey,  and 
are  visited  by  pollen-feeding  Diptera  (609). 

Papaver  hybridum,  L.,  has  cleistogamic  flowers,  at  least  when 
under  cultivation  (369). 

21.  Chelidonium  MAJUS,  L. — In  sunny  weather  the  anthers 
dehisce  laterally  as  the*  flower  opens,  and  the  stigma  is  developed 
at  the  same  time.  Since  the  stigma  somewhat  overtops  the  anthers, 
insects  alighting  in  the  middle  of  the  flower  touch  the  stigma  first 
and  accomplish  cross-fertilisation,  while  those  which  alight  on  a 
petal  and  crawl  inwards  may  accomplish  either  cross-  or  self- 
fertilisation.  In  dull  weather  the  flowers  remain  closed  longer, 
and  the  stamens  dehisce  within  the  as  yet  unopened  flower,  causing 
self-fertilisation. 

The  flowers  contain  no  honey,  and  are  visited  and  fertilised  only 
by  pollen-seeking  insects. 

Visitors  :  A.  Hymenoptera — Ap\d(t :  (1)  Buinbus  pratorum,  L.  §  ;  (2)  B. 
agrorum,  F.  5  '»  (3)  B.  Rajellus,  IlL  $  — (all  three  alighted  on  the  centre  of 
the  flower  and  swept  pollen  in  great  haste  with  the  tarsal  brushes  of  the  fore 
and  midlegs  out  of  the  anthers  into  the  baskets  on  their  ^hindlegs,  and  hardly 
spent  two  to  three  seconds  on  the  flower  before  i)a8sing  to  another  ;  they  effect 
cross-fertilisation  regularly)  ;  (4)  Halictus  c^lindricus,  F.  $  ;  (5)  H.  zonulus, 
Sm.  $  ;  (6)  11.  sexnotatus,  K.  $  ;  (7)  H.  sexstrigatus,  Schenck,  ?  — (these 
small  bees  alight  on  the  anthers  and  spend  a  much  longer  time  on  each  flower, 
passing  round  upon  the  anthers.  They  only  come  in  contact  with  the  stigmas 
accidentally,  and  may  effect  self -fertilisation  and  cross-fertilisation  indifferently). 
B.  Diptera — {a)  SyrphidoR :  (8)  Syrphus  balteatus,  Deg.  ;  (9)  S.  ribesii,  L.  ; 
(10)  Syritta  pipiens,  L.  ;  (11)  Ascia  podagrica,  F.  ;  (12)  Rhingia  roetrata, 
L.,  all  feeding  on  the  pollen,  and  moving  round  the  flower  in  the  same  way  as 
the  species  of  Halictus  ;  (h)  Empidas :  (13)  Empis  livida,  L.    See  also  No.  590,  i. 

JSschscholtzia  Calif omica,  Chmss.,  furnishes  an  illustration  of 
varying  capacity  for  self-fertilisation.    My  brother  Fritz  Miiller  found 
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this  species  unfruitful  in  South  Brazil,  and  Darwin  found  it  fruitful 
in  England,  when  fertilised  with  its  own  pollen.  Plants  which  Fritz 
Miiller  raised  in  South  Brazil  from  seed  sent  from  England  by 
Darwin  yielded  some  seeds  when  fertilised  with  their  own  pollen, 
but  far  fewer  than  in  England.  Hildebrand  found  this  species  not 
absolutely  barren,  but  very  nearly  so,  when  fertilised  with  its  own 
pollen  (358). 

Obd.  FUMARIACEJU. 

Hypecoum  procvrmbens,  L. — In  the  bud,  the  two  inner  petals 
receive  all  the  pollen  in  two  pockets  developed  upon  their  inner 
surface,  and  these  pockets  close  up  before  the  development  of  the 
stigma.  On  pressure  from  above,  their  edges  separate  and  dust  the 
object  pressing  them  with  pollen.  The  stigmatic  papillae  do  not 
attain  their  full  development  until  some  time  after  the  opening 
of  the  flower,  and  after  the  pistil  has  grown  up  above  the  level 
of  the  pollen-sacs,  so  that  in  each  flower  insects  come  in  contact 
first  with  the  stigma  and  then  with  the  pollen.  Cross-fertilisation 
is  insured  (in  case  of  insect-visits)  first  by  proterandry,  and  secondly 
by  the  projecting  situation  of  the  stigma  (358). 

Hypecmim  grandijlorum. — Hildebrand  found  that  the  flowers 
of  this  species  were  very  nearly  though  not  absolutely  barren 
when  fertilised  with  their  own  pollen  or  with  pollen  from  another 
flower  of  the  same  plant  (358). 

22.  DiCLYTRA  SPECTABiLis,  D.C.— The  heart-shaped  pendulous 
flowers  contain  honey  in  the  two  pouches  at  the  base  of  the  outer 
semi-cordate  petals.  Each  of  these  two  petals  incloses  three 
stamens  which  follow  the  contour  of  its  wall  and  then  together 
form  a  channel  leading  from  the  middle  of  the  flower  to  the  honey. 
The  exserted  ends  of  the  six  stamens  project  straight  downwards, 
lying  close  together  around  the  pistil,  and  being  themselves  sur- 
rounded by  the  hood-like  ends  of  the  two  inner  petals,  which 
cohere  at  the  points. 

Between  the  hood-shaped  end  of  the  inner  petal  and  the  curled 
end  of  the  outer  one,  there  remains  on  the  right  and  left  a  canal 
leading  to  the  honey.  If  a  bee  hanging  from  the  flower  thrusts  its 
proboscis  into  one  of  the  two  canals,  the  lower  surface  of  its 
abdomen  presses  both  the  hood  and  the  flexible  stamens  towards 
the  opposite  side ;  and  the  stigma,  which  is  at  the  end  of  a  stiff 
style  and  therefore  escapes  being  pushed  aside,  is  rubbed  by  the 
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hairs  on  the  lower  surface  of  the  bee's  body.  When  the  bee  flies 
away  the  hood  returns  to  its  former  position  and  again  incloses  the 
stamens  and  pistil.  At  each  visit  this  action  is  performed  twice, 
once  on  the  right  and  once  on  the  left,  since  there  are  two  honey- 
sacs  and  two  canals  leading  to  them.  Thus  in  young  flowers  the 
pollen  adhering  to  the  stigma  is  brushed  off  on  to  the  hairy  body 
of  the  bee,  and  in  older  flowers,  which  have  been  already  robbed 
of  their  own  pollen,  pollen  from  other  flowers  is  brought  and 
applied  to  the  stigma.  Hildebrand  saw  humble-bees  acting  in  the 
manner  described.  Since  the  proboscides  of  our  humble-bees  vary 
from  7  to  21  mm.,  and  the  canals  leading  to  the  honey  in  Diclytra 
are  18  to  20  mm.  long,  the  action  of  the  different  visitors  deserves 
closer  examination. 

I  have  only  seen  Bomhishortorum^Jj.  9  (20  to  2\)  .ktiA  Anthxypfiora 
pilipes,  F.  9  (19  to  20),  both  in  fair  abundance,  sucking  this  flower  in 
the  normal  way :  they  sucked  each  flower  twice,  once  on  each  side. 
Boiiihus  terrestris,  L.  9 ,  whose  proboscis  is  only  7  tg  9  mm.  long, 
climbs  on  to  the  upper  part  of  the  flower  and  bites  a  hole  into 
one  of  the  honey-sacs ;  it  tries  to  introduce  its  proboscis  through 
the  hole  it  has  made,  and  if  it  does  not  at  once  succeed,  it  bites 
several  times,  and  at  last  succeeds  in  stealing  the  honey  out  of 
both  the  pouches.^  I  have  seen  Bombus  jyratorum,  L.  9  (11  to  12), 
and  B,  Rajelhis,  III  (12  to  13),  act  in  the  same  way.  Osmia  rufa, 
L.  9  (9),  Megachile  centuncula^-is,  L.  cJ  (6  to  7),  and  Apis  mellijlca, 
L.  9  (6),  often  make  use  of  the  holes  which  humble-bees  have 
bitten,  and  which  few  flowers  are  free  from. 

The  action  of  the  hive-bee  on  flowers  of.  Diclytra  convinced 
me  of  the  advantage  that  flowers  derive  from  having  convenient 
landing-places  for  insects.  If  the  bee  tried  to  steal  honey  by  means 
of  holes  made  by  Bomhus  terrestris,  it  found  no  such  resting-place, 
but  catching  hold  of  the  edge  with  some  of  its  legs,  it  groped  about 
with  the  others  on  the  smooth  surface,  and  so  stood  insecure  and 
wasted  much  time. 

Diclytra  exiinia,  D.C. — The  flower  has  been  thoroughly  described 
and  figured  by  Hildebn^^nd  (358).  It  resembles  D.  spectabilis,  but 
the  space  for  the  lateral  bending  of  the  hood  is  smaller  and  the 
passage  to  the  honey  shorter. 

In  Diclytra  ciccidlaria,  D.C,  the  outer  petals  are  provided  with 
long  spurs  and  the  honey  is  secreted  by  two  long  processes  of  the 
middle  stamens  lodged  in  these  spurs  (358). 

'  In  North  America,  Diclytra  Canadensis  is  bitten  in  the  same  way  by  the 
sliort-Iipped  bee  Bombus  Virginicvs^  Oliv.  (736). 
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23.  CORYDALIS  CAVA,  Schweigg.  and  K5rt.  The  flower  is 
figured  and  described  by  Hildebrand  (351,  358). 

In  contrast  to  the  pendulous  flowers  of  Diclyira  and  Adlumia, 
which  are  symmetrical  about  two  planes  perpendicular  to  one 
another,  and  permit  a  double  motion  of  the  hood,  to  right  and  left, 
we  have  in  Corydalis  cava  horizontal  flowers  symmetrical  about 
one  perpendicular  plane,  and  whose  hood  can  only  be  thrust  by 
insects  in  one  direction,  viz.  downwards.  The  two  outer  petals, 
which  are  here  superior  and  inferior,  have  ceased  to  be  symmetrical, 
the  upper  one  being  produced  into  a  long  spur,  curved  downwards 
at  the  end,  and  reaching  some  12  mm.  backwards  over  the  flower- 
stalk.  In  this  spur  is  lodged  a  common  prolongation  of  the  upper 
stamens,  which  secretes  honey  and  extends  as  far  as  the  curved  part 
of  the  spur. 

The  two  inner  petals  stand  at  the  sides,  and  are  fused  with  the 
upper  petal  at  their  bases ;  they  are  symmetrical,  and  unite  at  the 
apex  to  form  a  hood.  A  bee,  to  reach  the  honey  stored  at  the  end 
of  the  spur,  must  stand  on  the  lower  petal  or  on  the  hood,  and 
thrust  its  proboscis  between  the  hood  and  the  upper  petal ;  in 
doing  this,  it  presses  down  the  hood,  and  rubs  the  under  surface 
of  its  head  on  the  stigma,  which,  being  placed  on  a  stiff  pistil,  does 
not  bend  downwards,  and  has  been  covered  with  pollen  before  the 
opening  of  the  flower.  The  hood,  on  withdrawal  of  the  pressure, 
springs  back  into  its  former  place,  and  covers  the  pistil  and  stamens 
as  before. 

So,  in  young  flowers,  bees  dust  the  lower  part  of  their  heads 
with  pollen ;  in  older  ones  they  supply  the  stigma  with  pollen  from 
previously  visited  flowers.  As  the  bees  habitually  go  from  below 
upwards  on  each  plant,  they  bring  pollen  to  the  lower  and  older 
flowers  of  one  plant  from  the  upper  and  younger  flowers  of 
another,  and  thus  regularly  induce  crossing  of  separate  stocks. 
This  is  very  noteworthy,  since  Hildebrand  has  shown  by  many 
experiments  that  the  flowers  of  C  cava  are  absolutely  barren  to 
their  own  pollen,  very  slightly  fertile  to  pollen  from  another  flower 
of  the  same  plant,  and  only  thoroughly  fertile  when  impregnated 
with  pollen  from  a  different  plant. 

Since  the  spur  of  G.  cava  is  12  mm.  long,  and  is  at  the  very 
most  filled  with  honey  to  the  extent  of  4  or  5  mm.,  it  is  quite 
impossible  for  the  hive-bee  with  its  proboscis  of  6  mm.  to  reach 
the  honey  in  the  legitimate  way.  Bombus  terrestris,  L.  ? ,  might 
succeed  better  with  its  proboscis  of  7  to  9  mm.,  occasionally  even 
10  mm. ;  but  even  this  species  soon  gives  up  thrusting  its  proboscis 
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between  the  hood  and  the  upper  petal.  It  more  usually  bites 
a  hole  in  the  spur  at,  or  a  little  in  front  of,  its  place  of  bending, 
and  through  this  hole  thrusts  its  proboscis  to  the  extremity  of  the 
spur.  I  found  the  great  majority  of  flowers  to  have  been  bitten 
through  in  this  way  by  B.  terrestris,  ? ,  and  through  the  holes  I 
saw  not  only  the  hive-bee,  but  also  Andrena  albicans,  K.  ?, 
A,  nitida,  Fourc.  (J ,  Sphecodes  gibbus,  L.,  and  Nomada  Fabrieiana, 
L.  ? ,  obtain  the  honey.  The  only  bee  which  I  have  seen  sucking 
the  honey  of  (7.  cava  legitimately  is  Anthophora  pilipes,  F.  ?  and  (J , 
with  its  proboscis  of  19  to  21  mm.  But  this  species  visited  the 
flowers  of  Corydalis  in  such  numbers  and  so  diligently  that  it 
should  suffice  for  the  fertilisation  of  all.  I  have  only  seen  two 
other  insects  legitimately  sucking  the  honey  of  C.  cava,  viz. 
Bombyliiis  major,  L.  (10)  and  B,  discolor,  Mgn.  (11  to  12),  which, 
hovering  over  the  flowers,  thrust  in  their  long  proboscides,  without 
however,  accomplishing  fertilisation.  The  hive-bee  must  also  be 
included  among  the  fertilisers  of  G,  cava,  I  have  often  seen  it 
creeping  in  between  the  hood  and  upper  lip  w  ith  the  fore-part  of 
its  body  in  order  to  collect  pollen,  which  it  swept  off  the  stigma 
with  the  tarsal  brushes  of  its  middle  legs,  and  placed  in  the  pollen- 
baskets  on  its  hindlegs.  An  ant,  Lasius  niger,  L.  9 ,  enters  the 
flowers  and  makes  its  way  to  the  honey  (590, 1.). 

24.  Corydalis  solida,  Sm.,  resembles  the  former  species  in 
the  mechanism  of  its  flowers,  and  haa  a  spur  sometimes  as  long, 
sometimes  very  slightly  shorter.  In  the  spot  where  I  have  observed 
it  (Stromberg  Hill),  it  grows  together  with  C,  cava,  but  in  smaller 
numbers,  and  always  with  red  flowers  {G.  cava  being  white  or  red). 
In  this  locality  its  honey  is  sucked  legitimately,  as  in  G,  cava,  by 
Anthophora pUipes,  F.,  Bomby litis  majrn*,  L.,  and  B.  discolor,  Mgn.; 
the  honey  is  stolen  by  means  of  a  hole  by  B,  terrestris,  L;  9 ,  and 
Apis  vieMiJica,  L.  $,  and  the  plant  is  also  visited  and  fertilised 
by  the  last-named  for  the  sake  of  its  pollen. 

Gorydalis  ndbilis,  Pers.  and  C.  capnoides,  Whlnb.,  have,  according 
to  Hildebrand,  a  similar  arrangement  to  that  of  G.  cava  (358). 

Corydalis  ochrolcuca,  K.,  is  marked  off  from  C.  cava  by  the  fact 
that  the  hood,  when  once  bent  down,  does  not  rise  again,  while  the 
stamens  and  pistil  fly  upwards  and  become  concealed  in  a  hollow 
of  the  upper  petal.  Hence  each  flower  can  only  be  visited  by  bees 
once  in  such  a  way  as  to  influence  these  organs.  This  single  visit 
dusts  the  under  side  of  the  bee  with  the  pollen  which  has  been 
heaped   up  on  the  stigma,  and  also  brings  other  pollen  to  the 
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stigma  if  the  bee  comes  from  another  flowcTr.  Hildebrand's 
experiments  prove  that  the  flowers  of  G,  ochrokuca  are  fertile  both 
with  their  own  pollen  and  with  that  from  another  flower  of  the 
same  plant. 

25.  CoRYDALis  LUTEA,  D.C.,  resembles  G.  ochroleiica  in  the 
mechanism  of  its  flower.  I  saw  it  repeatedly  visited  and  sucked 
in  the  legitimate  way  by  Bambvs  agrancm,  F.  9 ,  whose  proboscis 
measures  12  to  15  mm.  Other  bees  which  I  have  seen  visiting  the 
flower  are  enumerated  in  my  Weitere  Beobachlungeny  pt.  i.  p.  54. 

26.  FUMARIA  OFFICINALIS,  L. — The  mechanism  of  the  flower 
resembles  that  of  Gorydalis  cava  ;  but  the  flowers  are  much  smaller, 
and  instead  of  the  long  spur,  a  short  rounded  pouch  is  present 
in  which  a  short  process  from  the  upper  stamen  is  lodged  and 
secretes  honey.  Hildebrand  found  the  flowers  to  be  fertile  to  their 
own  pollen ;  but  he  doubts  whether  self-fertilisation  often  occurs 
under  natural  conditions,  and  places  full  reliance  on  the  agency 
of  insects. 

I  have  often  watched  F,  offidnulis,  and  have  convinced  myself 
most  clearly  that  it  is  very  sparingly  visited  by  insects.  I  have 
only  occasionally  obsei-ved  the  hive-bee  sucking  at  this  flower, 
and  I  have  very  frequently  watched  in  vain  even  in  calm  sunny 
weather  for  a  single  insect  visitor. 

It  is  obviously  advantageous  to  a  plant  for  its  flowers  to  be 
adapted  for  fertilisation  not  by  one  or  a  few,  but  by  many  species 
of  insects.  In  Fumaria  qfficiTUilis,  whose  flowers  might  be  visited 
by  most  kinds  of  bees  on  account  of  the  shallow  situation  of  the 
honey,  this  advantage  which  it  has  over  C,  cava  is  outweighed 
by  several  disadvantages.  For  G.  cava  blooms  in  early  spring  at  a 
time  and  in  places  where  few  flowers  compete  with  it  in  attracting 
insects  (its  chief  rivals  on  Stromberg  Hill  are  Primula  elatior  and 
FtUmofiaria  officinalis) ;  while  Fumaria  officinalis  blooms  in  the 
middle  of  summer  wheu  many  flowers  at  the  same  time  are  trying 
to  divert  the  attention  of  honey-seeking  bees.  And  further,  while 
G,  cava  with  its  handsome  spikes  of  flowers  is  very  conspicuous 
in  comparison  with  its  neighbours,  and  displays  a  rich  booty  of 
honey  and  pollen  to  its  guests,  the  small  flowers  of  Fumaria 
officinalis  are  very  inconspicuous  in  comparison,  and  give  but  a  poor 
promise  of  spoil  Hence  we  see  that  although  the  honey  of 
Corydaiis  cava  can  only  be  reached  legitimately  by  one  out  of  the 
many  species  of  bees  that  are  on  the  wing  during  its  flowering 
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period,  yet  it  is  so  regularly  fertilised  by  that  one,  that  it  has  quite 
lost  the  power  of  self-fertilisation ;  while  Fumaria  officinalis,  though 
it  might  be  fertilised  by  very  many  kinds  of  bees  that  are  abundant 
while  it  flowers,  is  so  little  visited  that  it  is  forced  as  a  rule  to 
reproduce  by  self-fertilisation.  I  have  repeatedly  noticed  how  very 
seldom  Fumaria  officiriulis  is  visited  by  insects,  and  have  observed 
that  notwithstanding  almost  every  flower  has  borne  fruit.  I  have 
also  found  that  during  continued  rainy  weather  which  keeps  every 
bee  away,  F.  officinalis  is  still  fully  fruitful,  and  I  cannot  therefore 
doubt  that  it  makes  the  fullest  use  of  its  power  of  self-fertilisation. 

The  same  holds  good  with  regard  to  Fumaria  capreolatay  L., 
and  F,  parvifiora,  Lam.,  which  on  the  whole  agree,  according  to 
Hildebrand,  with  F,  officinalis  in  their  mechanism  of  fertilisation, 
but  have  lost  the  elasticity  of  the  hood,  probably  through  long 
disuse. 

In  Fumaria  spicata,  L.,  on  the  other  hand,  the  structure  of  the 
flower  resembles,  according  to  Hildebrand,  that  of  Corydalis  lutea 
and  G.  ochroleuca.  The  column,  after  once  emerging  from  the 
hood,  springs  up,  owing  to  the  tension  of  the  upper  stamens,  and 
buries  itself  in  a  depression  in  the  upper  petal.  This  species  is 
fclso  fertile  to  its  own  pollen. 

Fumaria  capreolata,  var.  pallidijlora,  has  this  remarkable 
peculiarity,  first  mentioned  by  Moggridge,  that  its  flowers,  which 
are  at  first  almost  white,  assume  a  conspicuous  pink  or  even 
carmine  tint  after  fertilisation.  A  similar  change  of  colour  occurs 
in  Lantana,  Weigdia  rosea,  Rihes  aureum,  R,  sanguineum,  and 
many  other  flowers  which  are  fertihsed  by  the  more  intelligent 
insects  (bees  or  Lepidoptera).  The  insects  are  attracted  from  a 
distance  by  the  bright  colours  of  the  older  flowers,  and  they  learn 
to  distinguish  very  quickly  between  these  and  the  less  conspicuous 
younger  flowers  which  alone  contain  treasure  for  them  ;  while  the 
less  intelligent  insects,  useless  in  these  cases  for  the  work  of 
fertilisation,  betake  themselves  chiefly  to  the  more  showy  flowers 
(74,309,530,  575,  590,1.). 

Ord.  CRUCIFERJU. 

27.  Nasturtium  silvestre,  R.  Br. — At  the  base  of  the  flower, 
between  every  two  stamens,  there  is  visible  a  green  fleshy  gland, 
which  secretes  a  drop  of  honey.  The  anthers  of  the  four  longer 
stamens  are  on  a  level  with  the  stigma,  the  other  two  lie  somewhat 
deeper ;  all  remain  turned  towards  the  middle  of  the  flower.     In 
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sunny  weather,  when  the  flowers  open,  the  anthers  spread  apart  a 
little,  and  dehisce  on  the  side  turned  towards  the  stigma.  Insects 
which  make  for  the  honey  must  thrust  their  heads  into  the  flower 
between  the  stamen  and  stigma,  and  bring  one  side  of  the  head  in 
contact  with  one  or  two  anthers,  and  the  other  with  the  stigma.  If 
they  move  round  the  flower  licking  up  all  the  honey-drops,  as  a 
rule  the  same  side  of  the  head  remains  turned  to  the  stigma 
throughout  In  subsequent  flowers  the  opposite  side  of  the  head 
may  touch  the  stigma,  and  lead  to  cross-fertilisation.  It  may 
happen,  and  perhaps  does  so  happen  frequently,  that  the  insect 
plunges  its  head  several  times  into  the  same  flower,  and  so  leads  to 
self-fertilisation.  In  rainy  weather  the  flowers  only  partially 
expand,  and  the  anthers  of  the  longer  stamens  remain  in  immediate 
contact  with  the  stigma,  and  accomplish  self-fertilisation. 


Fio.  Zl.— Nasturtium  silvettre,  B.  Br. 

Flower  from  above.  In  the  centre  is  the  stigma  concealing  the  ovary ;  around  it  are  seen  fonr 
larger  (n)  and  two  smaller  (n')  honev-drops.  a,  the  longer  stamens ;  a\  shorter  ditto.  In  all  the 
stamens,  the  pollen-covered  face  of  tne  anther  is  Wsible,  turned  towards  the  stigma. 

Visitors:  A.  Hymenoptera — (a)  Sphegidce:  (1)  Crabro  Wesmfleli,  v.  d. 
L.,  8.  ;  (2)  Tiphia  Diinuta,  v.  cL  L.,  s.  ;  {b)  ApUlte :  (3)  Apis  mellifica,  L. 
9,  cp.,  ab.  ;  (4)  Andrena  Schrankella,  K.  9>  c.p.  ;  (5)  Halictus  nitidius- 
culus,  K-  ? ,  8.  B.  Diptera — (a)  Empida :  (6)  Empis  livida,  L.,  s. ;  {b)  Syr- 
j)hid(B :  (7)  Syritta  pipiens,  L.,  s.  and  f.p.  ;  (8)  Syrphus  sp.,  s.  and  f.p. ;  (9) 
Chrysogaster  Macquarti,  Loew.,  s.  ;  (10)  Eristalis  arbustorum,  L.,  s.  ;  (c) 
Bombylida :  (11)  Antlirax  hottentotta,  L.,  s. 

Nasturtium  officinale,  R.  Br. — There  is  a  remarkable  difference 
between  the  flowers  of  this  species  and  those  of  N.  silvestre.  At 
the  inner  side  of  the  base  of  each  short  stamen  are  two  green 
fleshy  honey-glands,  placed  close  together.  The  shorter  anthers 
have  their  dehiscent  sides  turned  towards  the  stigma,  which  stands 
high  above  them ;  the  taller,  which  stand  at  first  on  a  level  with 
the  stigma,  but  are  afterwards  overtopped  by  it,  have  their 
dehiscent  sides  turned  towards  the  shorter  stamens,  so  that  the 
head  or  proboscis  of  an  insect  passing  down  towards  the  nectary. 
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must  touch  simultaneously  the  stigma  and  the  pollen-covered  faces 
of  three  anthers,  one  short  and  two  long.  If,  in  continued  bad 
weather,  the  flowers  do  not  open  fully,  self-fertilisation  is  e£fected 
by  the  longer  anthers,  as  in  N.  sUvedrc  (590, 1.,  609). 

28.  Armoracia  AJtfPHiBiA,  Koch.  (Nasturtium  amphibium,  R. 
Br.). — The  structure  of  the  flower  resembles  that  of  Nasturtium 

silvcstre. 

Visitors  :  A.  Hymenoptera — Tenthredinidm :  (1)  Tenthredo  notha,  KL,  very 
abundant,  passing  from  flower  to  flower  and  dipping  its  proboscis  down  to 
suck, — head  and  thorax  richly  dusted  with  pollen.  B.  Diptera — (a)  Empida  : 
(2)  Empis  livida,  L.,  s.  ;  (6)  Syrphidce  :  (3)  Rhingia  rostrata,  L.,  s. ;  (4)  Syritta 
pipiens,  L.,  s. ;  (5)  Eristalis  arbustorum,  L.,  s. 

Arahis  alpina,  L.,  is  homogamous  (609). 

Arahis  hellidifolii,  Jacq.,  is  proterogynous,  with  long-lived 
stigmas  (609). 

29.  Arabis  hirsuta,  R.  Br. — The  arrangement  of  the  flowers 
differs  from  that  of  Nasturtium  silvestre  in  that  only  two  glands 
lying  internal  to  the  base  of  the  shorter  stamens  secrete  honey,  and 
that  in  most  flowers  the  longer  stamens  arch  over  the  stigma,  and 
shed  their  pollen  on  it,  if  it  is  not  removed  by  insect  visitors. 
Flowers  also  occur  in  which  the  anthers  of  the  longer  stamens  stand 
on  the  same  level  as  the  stigma,  and  shed  their  pollen  in  immediate 
contact  with  it. 

Visitors  :  A.  Hymenoptera — (a)  Sphegidas :  (1)  Ammophila  sabulosa,  L.,  s.  ; 
(h)  ApidcB  :  (2)  Apis  mellifica,  L.  5 ,  s. ;  (3)  Halictus  sexnotatus,  K.  ? ,  c.p.  ; 
(4)  Andrena  albicrus,  K.  (J ,  s.  B.  Lepidoptera — Bomhyc^  :  (5)  Euprepia 
Jacobajoe,  L.,  s.    C.  Diptera — Syrphida: :  Syritta  pipiens,  L.,  s. 

30.  Cardamine  pratensis,  L. — This  species  diflfers  greatly  from 
the  preceding  forms  in  the  situation  of  its  honey,  in  the  position  of 
its  anthers,  in  the  conspicuousness  of  its  flowers,  and  hence  also  in 
the  number  of  its  visitors.  Two  large  honey-glands  surround  the 
bases  of  the  two  shorter  stamens  as  green  fleshy  cushions  which  are 
most  marked  at  the  outside  and  secrete  their  honey  at  that  point : 
two  smaller  honey-glands  occupy  the  position  of  the  two  aborted 
smaller  stamens,^  i.e.  they  are  placed  antero-posteriorly,  between  the 

*  Eichler's  view  of  the  floral  symmetry  and  number  of  the  parts  in  Crucifene  is 
different  from  that  advanced  here  by  the  author,  and  is  now  more  generally  adopted, 
lie  regards  the  number  two  as  the  basis  of  the  floral  whorls,  and  looks  upon  the  four 
|>etal8  and  the  four  inner  stamens  as  due  to  the  chorisis  respectively  of  two  antero- 
posterior pct-als  and  stamens.  On  this  view  the  whorls  alternate  regularly  with  each 
other,  ana  the  flower  is  symmetrical.     (Eichler,  BHUhendioffranDnCj  vol.  li.) 
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pairs  of  long  stamenB.  The  honey  secreted  by  these  four  glands 
accumulates  in  the  pouched  bases  of  the  sepals.  Since  the  calyx  in 
this  case  serves  to  hold  the  honey  it  is  more  persistent  than  in  most 
other  Ciucifers,  and  the  sepals  are  unusually  large,  in  relation  to  the 
great  size  of  the  honey-glands ;  those  which  receive  the  honey  from 
the  larger  glands  are  broader  and  more  swollen  at  the  base  than 
the  two  others,  so  that  one  may  tell  by  looking  at  the  calyx  from 
below  where  in  the  Bowers  the  shorter  stamons  are  placed.  On 
tearing  off  the  sepals,  a  honey-gland  is  seen  between  the  clawg  of 
each  pair  of  adjacent  petals. 

In  the  young  bud  all  the  six  anthers  are  turned  towards  the 
pistil,  which  projects  above  them.     Before  the  flower  opens,  the 


four  inner  stamens  elongate  and  overtop  the  stigma,  and  make  a 
quarter  of  a  revolution  outwards,  each  one  towards  the  small 
stamen  nearest  to  it :  so  that  now  an  insect,  in  trying  to  reach  the 
lioney  of  one  of  the  larger  glands,  must  rub  its  head  or  proboscis 
against  the  pollen-bearing  surface  of  one  of  the  taller  anthers. 

In  cold,  rainy  weather  flowers  are  often  found  in  which  the 
revolution  is  incomplete,  or  does  not  take  pkce  at  all,  and  in  such 
cases  the  pollen  of  the  longer  stamens  falls  of  itself  upon  the 
stigma.  The  shorter  stamens  always  remain  with  the  side  at  which 
they  dehisce  turned  inwards  towards  the  stigma,  so  that  the  pollen 
is  rubbed  off  by  the  head   or  proboscis   of  any   insect  which   is 
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making  for  the  smaller  honey-glands.  With  reference  to  the 
likelihood  of  cross-fertilisation  the  same  remarks  hold  good  as  in 
the  case  of  Nasturtium  silvestre.  In  many  flowers  the  shorter 
anthers  stand  lower  than  the  stigma,  in  others  on  a  level  with  it 
or  even  higher.  In  the  two  last  cases  they  may  aid  in  self- 
fertilisation, 

Cardamine  prcUensis  surpasses  all  the  other  Crucifers  which  grow 
wild  near  Lippstadt  in  the  conspicuousness  of  its  flowers  and  the 
abundance  of  its  honey,  and  consequently  in  the  number  of  its 
insect  visitors. 

A.  Hymenoptora — Apidce :  (1)  Halictus  cylindricus,  F.  ? .  c.p.  ;  (2)  An- 
drena  doreata,  K.  9,8.;  (3)  A.'parvula,  K.  9  ^>  c.p.  and  s.  ;  (4)  A.  Gwynana, 
K.  9 ,  c.p.,  (once  it  flew  straight  from  the  Cardamine  to  a  short-styled  flower 
of  Primula  elatior  and  gathered  pollen  there  also}  ;  (5)  Nomada  lateralis, 
Pz.  9,8.;  (6)  N.  lineola,  Pz.  (J ,  8. ;  (7)  Osmia  rufa,  L.  (J ,  s. ;  (8)  Bombus  terrestris, 
L.  9 , 8.;  (9)  Apis  niellifica,  L.  5  >  very  ab.,  c.p.  and  s.  B.  Diptera — (a)  Boin- 
bylidce  :  (10)  Bombylius  major,  L.,  once,  hovering  over  the  flower  and  suck- 
ing,— it  passed  straight  from  the  Cardamine  to  PHmula  elatior;  (11)  B. 
discolor,  Mgn.,  s.  ;  {h)  Empidte  :  (12)  Empis  opaca,  F.,  s.  ;  (c)  SyrphidcB  :  (13) 
Rhingia  rostrata,  L.,  f.p.  ;  (14)  Helophilus  penduhis,  L.,  s.  ;  (rf)  Muscidce  :  (15) 
Anthomyia  sp.,  f.p.  C  Lepidoptera — (16)  Rhodocera  rhamni,  L.  ;  (17)  Pieris 
brassiere,  L.  ;  (18)  P.  napi,  L.  ;  (19)  Anthocharis  cardamines,  L.  D.  Coleop- 
tera — (a)  Nitidulida :  (20)  Meligethes,  ab.,  l.h.  ;  {b)  Staphylinida :  (21) 
Omalium  florale,  Pk,  very  ab.  E.  Thysanoptera — (22)  Thrips,  s.  and  f.p. 
See  also  590,  i. 

Cardamine  clienopodifolia,  Pers.,  has  cleistogamic  flowers  whicli 
burrow  into  the  earth  (296). 

Cardamine    impatiens,    L.,    is    visited    by    Aiidreiui    albicans, 

K.  9  (590,  I.). 

Barharea  vulgaris,  R.  Br. — Each  of  the  two  shorter  stamens  has 
on  either  side  of  its  base  a  small,  green,  fleshy  honey-gland  ;  a  some- 
what larger  honey-gland  is  placed  between  each  pair  of  longer 
stamens,  externally  to  their  bases,  in  the  position  of  the  two  short 
stamens  that  have  disappeared.  On  each  of  the  six  glands  a  colour- 
less drop  of  fluid  may  be  seen  in  fine  weather.  The  anthers  are 
placed  as  if  the  glands  between  the  longer  stamens  were  absent. 
The  taller  stamens,  which  overtop  the  stigma,  make  a  quai-ter  of  a 
revolution  towards  the  neighbouring  short  stamens ;  this  movement 
begins  with  the  dehiscence  of  the  anthers  immediately  after  the  flower 
expands,  and  is  just  finished  when  the  anther  is  completely  covered 
on  one  side  with  pollen.  The  two  shorter  anthers,  which  are  on  a 
level  with  the  stigma,  remain  turned  towards  it  even  after  dehis- 
cence, so   that  the   position   of  the   anthers   is   the   same   as   in 
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Nasturtium  offidncde,  though  the  number  of  glands  is  as  in  N. 
silvestre  (590,  i.). 

31.  Draba  verna,  L. — Four  small,  green,  fleshy  honey-glands 
occur  in  each  flower,  each  being  situated  between  the  bases  of  a 
short  stamen  and  the  long  one  next  it ;  so  that  the  base  of  each 
short  stamen  stands  between  two  honey-glands.  Anthers  and 
stigma  ripen  together.  The  longer  stamens  reach  to  a  level  with 
the  stigma,  and  stand  close  around  it :  they  dehisce  on  those  sides 
which  are  turned  towards  the  stigma,  and  always  dust  it  with 
pollen ;  the  shorter  stamens  also  turn  their  pollen-covered  surfaces 
towards  the  stigma,  but  stand  below  it.  Honey-seeking  insects 
must  thrust  their  proboscides  between  the  stigma  and  one  of  the 
shorter  stamens  into  the  base  of  the  flower,  and  so  dust  themselves 
with  pollen,  especially  from  the  shorter  stamens,  and  carry  it 
elsewhere.  Cross-fertilisation  is  chiefly  effected  with  pollen  from 
the  shorter  stamens,  while  the  four  longer  ones  regularly  effect  self- 
fertilisation.  Hildebrand  has  found  by  experiment  that  the  latter 
is  productive.  We  may  understand  the  extensive  use  that  this 
plant  makes  of  self-fertilisation  if  we  consider  how  small  and 
inconspicuous  the  flowers  are,  how  small  a  supply  of  pollen  or 
honey  they  can  yield,  and  how  few  insects  they  are  for  these  reasons 
visited  by.  I  have  only  observed  three  species  of  bees  on  Drala 
cema,  viz  : — 

(1)  Apis  mellifica,  L.  5  >  c.p.  (April  10,  1868) ;  (2)  Andrena  parvula,  K. 
? ,  s.  (March  28,  1869) ;  (3)   Halictus  sp.  ? ,  s.  (March  28,'  1869). 

Draba  aizoides,  L.,  is  proterogynous  with  persistent  stigmas  (609). 
Draba  Wahlenbergii,  Hartm.,  is  homogamous  (609). 

32.  CocHLEARiA  OFFICINALIS,  L. — Near  Niederalma,  I  saw  the 
following  insects  on  flowers  of  this  plant  (July  12,  1869) : — 

A.  Diptcra — Syrphula :  (1)  Eristalis  tenax,  L. ;  (2)  Helophilus  florciis, 
L.  ;  (3)  Melanostoiiia  mellina,  L.,  ab.,  all  three  both  s.  and  c.p.  B.  Coleoptera 
— (4)  Cet^mia  aurata,  L.,  gnawing  the  parts  of  the  flower. 

Kernera  saxalilis,  Rich.,  is  homogamous.  The  four  longer 
stamens  bend  laterally  almost  to  a  right  angle,  so  that  their  antliers 
come  to  lie  quite  close  to  those  of  the  shorter  stamens  (609). 

Thlaspi  arvense,  L.,  is  homogamous.  The  shorter  stamens  are 
concerned  in  cross-fertilisation  ;  the  longer,  in  case  of  need,  effect 
self-fertilisation  (590,  II.). 
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Pringlea  atUiscorbuiica,  Hook.,  grows  od  the  tempestuous  shores 
of  Kerguelen's  Island,  where  winged  insects  canoot  exist,  because  at 
every  flight  they  run  the  risk  of  being  drowned.  Under  these 
circumstances  the  plant  has  become  modified  for  fertilisation  by 
the  wind,  acquiring  exserted  anthers  and  long  filiform  atigmatic 
papillie.  It  still  retains  traces  of  its  descent  from  entomophilous 
ancestors ;  for  while  on  the  great  part  of  the  island  it  is  devoid  ol 
petab,  it  occurs  abundantly  in  sheltered  places  with  petals.  On 
the  same  raceme  some  flowera  may  possess  only  a  single  petal, 
others  two,  three,  or  four ;  and  the  petals,  though  usually  of  a 
pale  greenish  colour,  are  occasionally  adorned  with  purple  (216, 
372). 


33.  Teesdalia  kudicaulis,  R.  Br.— The  structure  of  this 
flower,  whose  longest  petals  are  only  two  mm.  long,  dtflTers 
remarkably  from  our  other  native  Cmcifers. 

During  the  period  of  flowering,  the  flowers  are  aggregated  into 
a  flat  surface,  whose  outermost  petals  are  larger  tliau  the  others,  as 
in  the  case  of  Umbellifers.  But  in  Teesdalia,  as  flowering  progresses, 
the  axis  lengthens  and  draws  out  the  flat  surface  into  a  raceme, 
BO  that  each  flower  comes  to  stand  at  the  edge  in  its  turn.  So 
it  is  not  only  certain  flowers  that  stand  from  the  beginning  at 
the  edge,  which  lave  the  corolla  specially  developed  on  the  outer 
side  (as  in  many  Umielliferce  and  Composite),  and  thus  become 
Bymmetrical  about  a  single  axis  (zygomorphic)  ;  but  all  the  flowers 
have  their  outer  petals  specially  developed,  and  thus  acquire  a 
^gomorphic  symmetry. 

Each  flower  has  a  superior  (s),  an  inferior  (i"),  and  two  lateral 
sepals  (s^,  which  help  to  render  the  flower  conspicuous  by  white 
tips  and   a  white   median  ridge;  but  conspicuousness  is  chiefly 
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attained  through  the  white  colour  of  the  petals,  of  which  the 
flower  has  two  superolateral  ones  {p),  and  two  anterolateral  {p"), 
twice  or  three  times  as  long  as  the  former.  In  addition,  there 
are  petal-like  appendages  (y,  4,  x,  2,  3)  to  the  two  lateral  and 
shorter  stamens  («),  and  others,  still  larger,  to  the  four  longer 
ones  («',  a*).  The  petal-like  appendages  of  these  four  inner 
stamens  cloeely  surround  the  ovary,  which  is  flattened  antero- 
post«riorly,  sharp-edged  on  each  side,  bent  slightly  forwards,  and 
divided  symmetrically  by  a  partition  wall. 

The  centre  of  the  base  of  each  petal  has  a  small  pouch,  and 
just  above  this  each  staminal  protuberance  is  provided  with  a 
similar  structure ;  between  the  two  ties  a  little  drop  of  honey,  and 
concealed  beneath  this  is  a  small,  greenish,  fleshy  honey-gland. 
Both  the  petals  and  the  longer  stamens  can  be  torn  away  without 
injuring  or  removing  the  glands  ;  which  seem  therefore  to  belong 
to  the  base  of  the  flower  (receptacle). 


Before  the  flower  opens,  the  six  anthers  are  all  turned  towards 
the  stigma,  the  four  longer  ones  overtopping  it  slightly,  the  others 
standing  on  a  level  with  it.  After  the  flower  has  expanded,  all 
six  stamens  twist  through  a  quarter  of  a  revolution  ;  each  of  the 
longer  ones  turns  its  anther  towards  the  adjacent  shorter  one ; 
while  each  of  the  two  shorter  ones  turns  towards  the  outside 
of  the  flower.  Now  the  anthers  dehisce,  and  at  the  same  time 
the  stigma  becomes  mature.  Insects  in  reaching  the  two  outer 
honey-drops  cannot  avoid  touching  with  their  head  or  probosds 
the  pollen-covered  sides  of  the  two  neighbouring  anthers;  while 
those  that  sack  t)ie  inner  drops  only  come  in  contact  with  the 
pollen  of  a  single  anther.  Owing  to  the  small  size  of  the  flower, 
the  insect  must  touch  the  stigma  st  the  same  time  with  another 
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part  of  its  proboscis  or  heaxl.  As  we  have  seen  in  other  cases, 
this  must  regularly  lead  to  cross-fertilisation  if  the  insect  thrusts 
its  head  only  once  into  the  flower,  but  may  equally  well  produce 
self-fertilisation  if  it  does  so  more  than  once.  In  absence  of 
insects  self-fertilisation  is  always  accomplished  by  means  of  the 
longer  stamens. 

On  April  27  and  28,  1872,  I  and  my  son  Hermann  saw  the 
following  insects  visit  a  luxuriant  patch  of  Teesdalia  in  sunny 
weather : — 

A,  Hymenoptera — Apida :  (1)  Sphecodes  ephippia,  L.,  sucking  on  thirteen 
inflorescences  successively.  B.  Coleoptera — (a)  Chrysomelidai :  (2)  Haltica 
nemorum,  L.,  three  specimens,  apparently  sucking  ;  (3)  Plectroscelis  dcntipes, 
£.  H.,  one  specimen,  do.  ;  (4)  Cassida  nebulosa,  L.,  two  specimens  flew  on  to 
the  inflorescence  without  making  use  of  the  flowers ;  (b)  CurcullonidiB :  (5) 
Ceutorhynchus  pumilio,  Gylh.,  two  specimens,  s.  ;  (c)  ElateridcB :  (6)  Limonius 
parvulus,  Pz.  ;  (d)  Hydrophilida :  (7)  Cercyon  anale,  Pk.  (these  last  two  beetles 
also  settled  on  the  flowers,  but  I  could  not  see  tliat  they  made  use  of  them  in  any 
way).  C.  Diptera — (a)  Syrphidte :  (8)  Melithreptus  sp.  ;  (9)  Ascia  podagrica, 
F.,  both  f.p.  ;  (6)  Muscida :  (10)  Sepsis  putris,  L.,  ab.,  s.  Also  many  minute 
MuBcidse  and  gnats,  1  to  4  mm.  long. 

Biscutella  Icevigata,  L.,  is  homogamous.  I  have  found  it 
visited  by  thirty-six  species  of  insects,  mostly  Diptera  (609). 

Hesperis  tristis,li. — ^This  plant,  by  elongation  and  close  approxi- 
mation of  the  sepals  and  the  claws  of  the  petals,  excludes  all 
insects  except  Lepidoptera  from  its  honey.  By  the  time  of  ex- 
panding and  emitting  its  perfume  it  has  become  adapted  for 
cross-fertilisation  by  crepuscular  and  nocturnal  forms  (570,  vol.  xii.). 

34.  Hesperis  matronalis,  L. — Honey  is  secreted  by  two 
very  large,  green,  fleshy  glands  surrounding  the  base  of  the  shorter 
stamens,  and  especially  developed  on  their  inner  sides ;  it  collects 
on  each  side  of  the  flower  between  the  pistil  and  the  bases  of 
the  three  stamens  of  that  side. 

The  taller  anthers  stand  at  the  entrance  of  the  flower,  and  only 
project  beyond  it  when  they  have  withered.  The  shorter  stand  a 
little  deeper  within  the  flower,  and  when  they  dehisce  their  tips 
closely  surround  the  stigma,  which  is  afterwards  protruded  beyond 
the  flower  by  the  lengthening  of  the  pistil.  All  the  anthers 
dehisce  inwards,  and  cover  the  stigma  with  pollen.  If  insect- 
visits  take  place  at  the  proper  time,  cross-fertilisation  is  also 
eflFected  :   regularly  by  the  honey-seeking  species,  for  they  touch 
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stigma  and  stamens  with  opposite  sides  of  the  proboscis,  and,  at 
least  sometimes,  by  pollen-seeking  forms. 

Visitors  :  A.  Diptera — (a)  Stratiomytda :  (1)  Nemotelus  pantherinus,  L. 
f.p. ;  (6)  Syrphidce :  (2)  Chrysogaster  lenea,  Mgn.  (Tekl.  B.),  f.p.  ;  (3)  Eris- 
talis  nemorum,  L.  ;  (4)  E.  tenax,  L.,  both  f.p. ;  (5)  Volucella  pellucens,  L. 
(Tekl.  B.) ;  (6)  Rhingia  rostrata,  s.,  very  ab.  B.  Hymenoptera — Apida :  (7) 
Halictus  leucopus,  K.  ?  ;  (8)  Andrena  albicans,  K.  9 ;  (9)  Apis  mellifica,  L. 
9,  all  three  cp.  C.  Lepidoptera — (10)  Pieris  brassicae,  L.,  s. ;  (11)  P.  napi, 
L.,  8. ;  (12)  P.  rapjB,  L.,  s.  D.  Coleoptera— (13)  Anthocomus  fasciatus,  L.  See 
also,  590,  II. 

35.  Alliaria  officinalis,  Andrzj.  (Sisymbrium  Alliaria, 
Scop). — The  honey-glands  agree  in  character  and  situation  with 
those  of  Cardumine  pratensis.  But  while  in  C.  pratensis  the  honey 
is  secreted  towards  the  outside,  and  collects  in  the  pouched  sepals, 
in  A,  officinalis  it  exudes  inwards  from  the  glands  at  the  base  of 
the  short  stamens,  and  forms  four  drops  in  the  base  of  the  flower. 
These  each  lie  between  a  short  stamen  and  the  adjacent  long 
one,  and  finally  fill  the  lower  part  of  the  space  between  the 
stamens  and  pistil,  to  which  parts  they  adhere  firmly.  I  have 
never  observed  secretion  on  the  part  of  those  glands  which  occupy 
the  position  of  the  two  aborted  short  stamens ;  they  seem  to  be 
functionless  ancestral  structures.  The  sepals,  which  persist  as 
receptacles  for  the  honey  in  C,  pratensis,  are  in  A.  ojfficinalis  only 
useful  in  the  bud,  as  a  protection  for  the  parts  within,  and  by 
contributing  by  their  white  colour  to  the  conspicuousness  of  the 
inflorescence ;  when  the  flower  expands  they  cease  to  be  of  use 
and  easily  drop  off. 

All  the  anthers  dehisce  inwards ;  the  inner  ones  surround  the 
stigma  so  closely  that  they  always  effect  self-fertilisation,  and 
this,  as  I  have  proved,  leads  to  the  production  of  good  seed. 
Cross-fertilisation  must,  as  in  the  foregoing  species,  be  effected 
very  frequently  by  honey-seeking  insects,  and  at  times  by  pollen- 
seeking  species ;  and  it  probably  then  outstrips  self-fertilisation  in 
its  action. 

Visitors:  A.  Hymenoptera — Apida  :  (1)  Apis  mellifica, L.  $,8.  B.  Dip- 
tera— (a)  Syrphidce :  (2)  Syrphus  decorus,  Mgn.  (TekL  B.) ;  (3)  Rhingia 
rostrata,  L.,  s. ;  (6)  Musddoi :  (4)  Anthomyia,  s.  C.  Coleoptera — (a)  NitiduHda : 
(5)  Meligethes,  ab. ;  (6)  Epursea  ;  (b)  CurcuUonidfB :  (7)  Ceutorhynchus,  a 
minute  species.     See  also  590, 11. 

36.  SiSYMBKiUM  OFFICINALE,  Scop. — The  Structure  of  the 
flower  agrees  fairly  with  that  of  the  foregoing  species.     Each  of 
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the  two  shorter  stamens  has  on  either  side  of  its  base  a  honey- 
gland  ;  each  of  the  four  honey-drops  secreted  by  these  lies  in  the 
space  bounded  by  one  of  the  shorter  stamens,  the  adjacent  long 
one,  and  the  pistil.  The  anthers  ripen  along  with  the  stigma, 
which  their  pollen-covered  sides  face ;  the  taller  anthers  overtop 
the  stigma  and  arch  inwards,  the  shorter  stand  on  a  level 
with  it,  and  curve  slightly  outwards.  In  default  of  insect- 
visits  pollen  regularly  falls  upon  the  stigma  from  the  four  long 
stamens. 

The  flowers  are  very  small,  and  for  that  reason  insect-visits  are 
scarce.  The  honey,  however,  seems  to  be  particularly  liked  by  cer- 
tain insects.  On  June  27, 1868,  on  a  waste  patch  where  S.  officinale 
and  Capsella  hursa-pastoris  were  growing  abundantly  with  several 
other  plants,  I  noticed  Fieris  napi,  L.,  and  P.  rapcc,  L.,  flying  about 
in  great  numbers,  and  sucking  the  flowers  of  this  plant  only.  The 
point  of  the  insect's  proboscis  is  thrust  in  between  the  stigma  and 
the  anthers.  I  also  saw  several  specimens  of  Andrena  dorsata, 
K.  ? ,  in  quest  of  pollen :  they  were  probably  as  likely  or  more 
likely  to  eflfect  self-fertilisation  than  cross-fertilisation. 

Visitors:  A.  Hymenoptera — Apida :  (1)  Andrena  dorsata.  K.,  c.p.  and 
f.p.  B.  Lepidoptera — Rhopaloctra:  (2)  Pieris  napi,  L.,  s.  ;  (.3)  P.  rapa? 
L.,  s.     See  also  590, 11. 

37.  Capsella  bursa-pastoris,  D.C— The  only  diflference 
to  be  noted  between  this  and  the  foregoing  is  that  the  long 
stamens  stand  on  a  level  with  the  stigma,  and  effect  self-fertilisa- 
tion regularly.  Specimens  which  I  kept  in  a  room  and  protected 
from  insects  v.ere  fully  productive. 

Visitors  :  Diptera — (o)  Syrph'xda :  (1)  Eristalis  nemorum,  L.,  s.  and  f.p.  ; 
(2)  Syrphus  balteatus,  Deg.,  do.  ;  (3)  Syritta  pipiens,  L.  ;  (4)  Ascia  podagrica 
F.,  8.  ;  (5)  Melithreptus  scriptus,  L.  ;  (6)  M.  taeniatua,  Mgn.  ;  (7)  M.  pictus,  Mgn., 
the  last  three  s.  and  f.p.  ;  (6)  MuscUias :  (8)  Aiithomyia,  s.     See  also  590,  11. 

38.  Lepidium  sativum,  L. — Tlie  flowers  are  inconspicuous, 
but  their  strong  scent  is  perceptible  even  to  us  several  paces  off. 
Owing  doubtless  to  this,  they  are  more  abundantly  visited  than 
any  other  Crucifer  which  I  have  observed,  partly  for  their  honey, 
pirtly  for  their  pollen.  The  honey  is  secreted  by  four  green, 
fleshy  glands,  situated  between  the  long  and  short  stamens,  and 
opposite  to  the  petals;  the  two  long  stamens  on  each  side  face 
the  broad  surface  of  the  silicula,  and  arise  close  together  between 
the  two  lateral  petals.     The  anthers  dehisce  introrsely,  and  the 
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stamens  undergo  no  twisting,  but  in  sunny  weather  they  bend 
backwards  as  far  as  the  nearly  upright  sepals  permit  them.  As 
to  the  likelihood  of  cross-  or  self-fertilisation,  the  same  holds  as 
in  the  case  of  Nasturtium  silvestre.  When  in  rainy  weather  the 
flowers  do  not  fully  open,  or  when  they  close  up  again  without 
being  visited  by  insects,  self-fertilisation  occurs. 

Visitors  :  A.  Diptera — (a)  Bombylidce  :  (1)  ArgyromoDba  sinuata,  Fallen  ; 
(b)  Syrphida  :  (2)  Eristalis  arbustoruin,  L.  ;  (3)  E.  nemorum,  L.  ;  (4)  E.  sepul- 
cralis,  L.  ;  (5)  Helophilus  floreus,  L.  ;  (6)  S3Titla  pipiens,  L.,  very  ab.  ;  (7) 
Melithreptus  taeniatus,  Mgn.  ;  (8)  Ascia  podagrica,  F.,  very  ab. ;  (9)  Pipiza 
chalybeata,  Mgn.,  all  these  Syrphidoe  now  8.,  now  f.p.  ;  (r)  Muscidce :  (10) 
Siphona  cristata,  F.  B.  Hymenoptera — (a)  Ichneumonid(E :  stragglers ;  (6) 
Sphegidce:  (11)  Oxybelus  bellus,  Dlb.,  ab.  ;  (12)  0.  uniglumis,  L.,  very  ab.  ; 
(13)  Cemonus  unicolor,  F.  ;  (14)  Cerceris  variabilis,  Schrk.,  very  ab. ;  (c) 
ChryMoi :  (16)  Hedychrum  lucidulum,  F.  ^\  {d)  Apida:  (16)  Prosopis  com- 
munis, Nyl.  (J  9,  very  ab.,  s.  and  f.p. ;  (17)  P.  armillata,  NyL  cJ  ?,  do.  ;  (18) 
Halictusnitidiusculus,  K.  $,  s.  ;  (19)  H.  lucidiilus,  Schck.  9 »  8.;  (20)  Andrena 
parvula,  K.  $  ;  (21)  A.  pilipe^*,  F.  (J,  s.  C.  Coleoptera — (a)  Dermestidfn  :  (22) 
Antlirenus  pimpinellye,  F.  ;  {b)  Malacodermata  :  (23)  Dasytes  flavipes,  F. ; 
(24)  Anthoconius  fasciatus,  F.  ;  (25)  Malachius  bipuHtulatiis,  F.,  gnawing  the 
anthers  and  petals.     D.  Lepidoptera — (26)  Sesia  tipuliformis,  L.,  s.,  frequent. 

ffutchiiisia  alpina,  R.    Br.,   is   proterogynous   with   persistent 
'  stigmas.     It  is  visited  and  cross-fertilised  by  Diptera  (609). 

39.  Brassica  oleracea,  L. — Two  honey-glands  lie  on  the 
inner  side  of  the  bases  of  the  two  short  stamens,  and  two  others 
occupy  the  position  of  the  aborted  pair,  i,e.  are  antero-posterior. 
The  honey-drops  secreted  by  the  two  former  distribute  themselves 
each  between  a  short  stamen,  the  two  adjacent  long  ones,  and  the 
pistil,  and  are  easily  visible  on  looking  straight  downwards  into 
an  open  flower;  the  drops  from  the  other  pair  of  glands  lie 
outside  between  the  two  adjacent  long  stamens,  and  these  drops 
increase  until  they  sometimes  reach  the  sepals.  The  two  shorter 
anthers  stand  sometimes  on  a  level  with  the  stigma,  usually 
however  they  are  not  so  high ;  they  curve  outwards,  but  their 
poUen-covered  sides  face  the  centre  of  the  flower.  The  long 
stamens  perform  a  quarter-  or  half-revolution  without  increasing 
their  distance  from  the  centre  of  the  flower,  so  that  the  pollen- 
covered  sides  of  their  anthers  are  either  turned  towards  the 
neighbouring  short  stamen,  or  else  directly  outwards.  An  insect 
in  sucking  the  honey  at  the  base  of  a  short  stamen  touches  with 
one  side  of  its  head  or  proboscis  the  stigma,  and  with  the  other 
a  short  stamen  and  usually  a  long  one  at  the  same  time:  the 
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other  two  drops  of  honey  can  be  reached  without  touching  the 
stigma,  and  seem  to  afford  no  aid  in  fertilisation.  In  default 
of  insect-visits  the  upper  part  of  each  of  the  long  anthers  bends 
back  so  far  as  to  touch  the  stigma,  thus  effecting  self-fertilisation. 

This  self-fertilisation  is  probably  efficient :  at  least  B.  rapa,  L., 
was  found  byHildebrand  to  produce  seed  when  self-fertilised  (351). 
In  sunny  weather  I  have  always  found  the  honey  very  evident. 
Sachs,^  who  says  "the  dark-green  nectaries  lying  between  the 
stamens  of  Braasica  retain  their  secretion  within  them/'  has 
probably  examined  the  flowers  in  dull  weather. 

Visitors  :  A.  Coleoptera — Nitidulida :  (1)  Meligethes,  very  ab.,  feeding  on 
the  petals  and  on  pollen.  B.  Hymenoptera — Apida :  (2)  Andrena  nigroaenea, 
K.  ? ,  8. ;  (3)  A.  Gwynana,  K.  ? ,  s.  and  f.p.  ;  (4)  A.  fiilvicrus,  K.  $ ,  c.p.  ; 
(5)  A  nana,  K.  $ ,  s.  and  f.p. ;  (6)  Halictus  cylindricus,  K.  ?  ;  (7)  Apis  mellifica, 
L.  9,8.  and  f.p.  (I  did  not  see  the  hive-bee  preserve  any  definite  order  in 
visiting  flowers  of  this  plant ;  frequently  a  bee  after  visiticg  a  second  flower 
returned  to  the  first).     C.  Thysanoptera — (8)  Thrips,  ab. 

40.  SiNAPis  ARVENSIS,  L. — The  honey-glands  are  placed  as 
in  Brassica,  When  the  calyx  expands,  the  glands  are  visible  and 
accessible  from  the  outside,  and  insects  can  roach  them  without 
touching  the  essential  organs  of  the  flower.  The  close  aggregation 
of  the  flowers  however  renders  it  more  convenient  for  the  insect 
to  thrust  its  proboscis  down  between  the  stamens,  and  in  point 
of  fact  I  have  never  seen  an  insect  visitor  obtain  the  honey  from 
the  outside.  The  twisting  of  the  stamens  and  the  likelihood  of 
cross-fertilisation  are  as  in  Cardamine  pratensis;  as  the  flowers 
wither,  however,  the  anthers  turn  their  pollen-covered  sides  up- 
wards, and  finally  their  tips  bend  downwards,  so  that  they  effect 
self-fertilisation  if  their  pollen  has  not  already  been  removed. 

Visitors :  A.  Diptera—  Syrphida :  (1)  Eristalis  seneus,  Pz. ;  (2)  E.  arbus- 
torum,  L.  ;  (3)  Rhingia  rostrata,  L.,  all  these  both  s.  and  f.p.  B.  Hymen- 
optera— (a)  Tenthredinida :  (4)  Cephus  spinipes,  Pz.,  and  several  small  sp. 
in  great  abundance,  Lh.  and  f.p.  ;  (6)  Apidoi :  (5)  Halictus  leucozonius, 
Schrk.  9 ,  c.p.  ;  (6)  Andrena  nana,  K.  ^ ,  s. ;  (7)  Apis  mellifica,  L.  9 »  very 
ab.,  both  8.  and  cp.  (I  found  it  collecting  pollen  on  Sinapis  on  Oct.  2,  18G9). 
C.  Coleoptera — (8)  Coccinella  7punctata,  L.^  l.h.  D.  Lepidoptera — (9) 
Euclidia  glyphica,  L.,  s.     See  also  590,  it. 

A  variety  of  Sinapis  arvensis  bears  cleistogamic  flowers  at  St. 
Croix,  where  the  temperature  is  25''  C.  (762). 

^  Lebrbuch  der  Botanik^  2nd  ed.,  p.  110. 
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41.  Raphanus  raphanistrum,  L.,  has  four  honey-glands 
arranged  as  in  S,  arvcnsis,  but  all  the  anthers  remain  turned 
towards  the  stigma,  the  shorter  ones  standing  on  a  level  with  it,  so 
that  the  chance  of  self-fertilisation  is  increased. 

I  have  seen  the  honey-bee,  which  usually  confines  itself  to 
one  species  of  plant,  visit  flowers  of  E.  raphanistntm  and  S,  arverms 
indiscriminately. 

Sicbularia  aquatica,  L. — When  the  water  is  unusually  high,  the 
flowers  remain  closed  and  submerged,  and  fertilise  themselves  (17, 

350- 


RF.VIEW   OF  THE   CRUCIFER/E. 

With  great  uniformity  in  the  general  structure  of  the  flower, 
Crucifers  show  such  variability  in  the  number  and  position  of 
the  honey-glands  and  in  the  situation  of  the  anthers  in  relation 
to  these  and  to  the  stigma,  that  scarcely  two  of  the  species  that  we 
have  discussed  agree  fully  in  these  points. 

The  number  of  honey-glands  may  be  two,  four,  or  six ;  they 
are  placed  on  or  between  the  bases  of  the  stamens :  and  in  the 
former  case,  either  on  their  innfer  side,  their  outer  side,  or  round 
about  them ;  intermediate  positions  are  sometimes  assumed  by 
abortive  and  functionless  glands.  The  honey  when  secreted  either 
remains  in  drops  upon  the  glands  or  fills  spaces  between  the 
stamens  and  pistil  or  accumulates  in  sepaline  pouches. 

All  or  certain  of  the  anthers  are  placed  so  that  honey-seeking 
insects  must  touch  them  with  one  side  and  the  stigma  with  the 
other ;  but  their  situation  is  not  always  the  most  favourable  for 
this  result,  and  the  more  they  diverge  from  the  position  most 
favourable  to  cross-fertilisation,  the  more  chance  do  they  give  of 
self-fertilisation. 

This  is  explained  by  the  following  circumstances. 

In  all  the  Cruciferae  which  w^e  have  considered,  the  position  of 
the  anthers  in  relation  to  the  honey-glands  and  the  stigma  renders 
cross-fertilisation  likely,  but  not  by  any  means  inevitable,  on  the 
visit  of  a  honey-seeking  insect ;  but  it  does  not  in  any  way  favour 
cross-fertilisation  more  than  self-fertilisation  if  the  insect  comes  to 
feed  on  or  gather  pollen.  The  abundance  as  well  as  the  diversity 
of  insect-visitors  is  not  great  in  the  species  we  have  considered ;  we 
find  chiefly  flies  (especially  Syrphidcc),  bees  (especially  the  less 
specialised  forms),  and  in  less  degree  other  Hymenoptera  (espe- 
cially SpJiegi/frr),  Coleoptcra,  and  Lepidopfera,     Hesperis  trutis   is 
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alone  adapted  for  noctunial  insects,  and  Pringlea  has  become 
auemophilous  in  the  absence  of  insects  suitable  for  its  fertilisation. 
On  the  whole,  Crucifers  are  far  behind  Umbellifers  in  the  number 
and  variety  of  their  insect-visitors,  both  on  account  of  their  less 
conspicuous  flowers  and  their  less  accessible  honey ;  and  not  rarely 
plants  remain  altogether  unvisited.  The  possibility  of  self-fertilisa- 
tion is  useful  if  not  necessary  for  the  preservation  of  all  the  Crucifers 
that  we  have  considered ;  in  many  we  find  that  self-fertilisation 
takes  place  to  a  very  considerable  extent ;  and  in  several  we  have 
experimental  evidence  that  it  is  productive  of  seed.  Under  these 
circumstances  it  would  be  better  for  the  plant  to  forego  attaining 
in  its  anthers  the  most  favourable  position  possible  for  dusting 
honey-seeking  insects  with  pollen,  if  by  doing  so,  while  retaining 
the  chance  of  cross-fertilisation  if  insects  did  come,  it  could  fully 
insure  self-fertilisation  if  they  did  not. 

It  is  impossible,  therefore,  to  consider  with  Hildebrand  that  the 
twisting  of  the  stamens  in  Crucifers  is  "  a  remarkable  expression 
of  repugnance  to  self-fertilisation"  (351,  p.  48);  it  rather  refers 
solely,  as  Axell  rightly  explains,  to  the  dusting  of  insects  with  the 
pollen  on  their  way  to  the  honey  (17,  p.  19).  But  even  Axell's 
statement  needed  correction  and  completion,  since  he  only  acknow- 
ledged two  distinct  cases  in  the  arrangement  of  the  honey-glands 
and  the  twisting  of  the  stamens,  and  referred  all  Cruciferse  to 
one  or  other  of  these  two  types ;  and  further,  he  did  not  take  the 
position  of  the  anthers  into  account  as  an  aid  to  self- fertilisation. 

The  way  in  which  conspicuousness  is  attained  throughout  the 
UmbelliferaB  by  association  of  many  flowers  in  one  surface,  and  by 
asymmetrical  development  of  florets  for  the  common  good,  is 
exemplified  only  in  isolated  genera  of  Cruciferae  {Teesdalia,  R.  Br., 
Ibcris,  L.);  and,  in  Teesdalia  at  least,  it  does  not  so  far  insure 
cross-fertilisation  that  self-fertilisation  may  be  dispensed  with. 

Obd.  CAPPARIDE.E, 

Capparis,  L.,  Cleaine,  L.,  and  Pohnisia,  Rafin.,  are  proterandrous, 
according  to  Delpino  (172,  352). 

Ord.   PESEDACEM 

42.  Reseda  odorata,  L. — The  receptacle  is  raised  up  between 
tlie  petals  and  stamens  in  the  upper  half  of  the  flower  into  a 
perpendicular  quadrangular  plate,  velvety  on  its  anterior  surface. 
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which  is  yellowish  during  the  time  of  flowering  and  orange-red 
afterwards.  It  serves  as  a  guide  towards  the  honey,  which  is 
secreted  and  lodged  upon  the  smooth  green  posterior  surface. 

The  expanded  claws  of  the  upper  and  middle  petals  lie  close 
to  the  hinder  suil'ace  of  this  plat«  and  surround  its  upper  and 
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lateral  borders  with  their  anteriorly  directetl  lobes,  thus  pro- 
I.  tecting  the  honey  eflfectually  both  from  rain  and  from  useless 
I  -viBitore  (flies).  The  laminie  of  these  petals,  which  are  split  into 
I  white,  radiating,   club-shaped   strips,   assist   the   red   anthers   in 
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making  the  flower  conspicuous.  It  is  also  rendered  perceptible  at 
a  distance  by  its  powerful  scent. 

There  is  no  true  expansion  of  the  flower,  since  its  parts  lie  open 
even  in  the  bud  :  the  commencement  of  the  flowering-period  is 
marl$:ed  rather  by  the  honey-glands  beginning  to  secrete,  and  by 
some  of  the  anthers  (1,  Fig.  35),  which  had  been  bent  down  under 
the  pistil,  dehiscing  and  rising  up  towards  the  honey-secreting  plate, 
while  the  three  or  four  carpels  at  the  same  time  develop  stigmatic 
papillae  at  their  apices. 

Since  the  pistil  projects  considerably  from  the  middle  of  the 
horizontal  flower,  it  forms  the  most  convenient  landing-place  for 
honey-seeking  insects,  and  is  hence  very  readily  covered  with 
pollen  from  other  flowers.  In  default  of  insect-visits  self-fertilisa- 
tion takes  place,  as  the  stigmas  lie  immediately  underneath  the 
erect  anthers.  Plants  which  were  kept  protected  from  insects 
yielded  capsules  filled  with  good  s.eed. 

The  flowers  are  especially  visited  by  species  of  Frosopis.  In 
July,  1867, 1  had  some  pots  of  mignonette  in  flower  in  the  open 
window  of  my  room.  Specimens  of  Frosapis  kept  constantly 
coming  and  fluttering,  sometimes  five  or  six  together,  in  an  un- 
usually lively  way  about  the  flowers.  They  sometimes  plunged 
their  heads  between  the  shield-like  plate  and  the  upper  petals, 
licking  up  the  honey  with  outstretched  tongue,  and  sometimes 
gnawed  through  the  still  unopened  anthers  and  devoured  the 
pollen.  In  subsequent  years  I  have  repeatedly  observed  these 
actions  on  B.  odorata  and  jB.  luteola,  L.,  both  cultivated  and  wild. 
Altogether  I  have  noted  the  following  insects  as  visitors  of  our 
species  of  Reseda,  including  R,  odorata. 

A.  Hymenoptcra — (a)  Ap'ulce:  (1)  Prosopis  communifl,  Nyl.  $  (J,  very 
ab.  ;  (2)  P.  armillata,  N.  ?  <J  ;  (3)  P.  eignata,  Pz.  ?  (J ,  ab.  ;  (4)  P.  pictipes 
Nyl.  (J  ;  (5)  P.  annularis,  Sm.  ? ;  (6)  Apis  mellifica,  L.  9 »  tib.,  s.  and  (!.p. ; 
(7)  Halictus  zonulas,  Sm.  ?  c.p. ;  (8)  H.  Smeathmanellus,  K.  9  c.p. ;  {b)  Sphe- 
guhn :  (9)  Cerceris  variabilis,  Schrk.  ?  cJ ,  s.  and  f.p.  B.  Diptera — Si/rphidas : 
(10)  Syritta  pipiens,  L.,  f.p.     C.  Thysanoptera — (11)  Thrips,  very  ab. 

43.  Reseda  luteola,  L.  : — 

Hymenoptera — Apida:  (1)  Prosopis  armillata,  Nyl.  ?  cJ,  ab. ;  (2)  P. 
communis,  Nyl.  $  (J,  very  ab.,  s.  and  f.p.  ;  (3)  Apis  mellifica,  L.  $ ,  s.  and  c.p.  ; 
(4)  Andrena  nigroaenea,  K.  ? ,  s.     See  also  590,  11. 

44.  Reseda  lutea,  L.  (Thuringia) : — 

Hymenoptera — (a)  Sphe^ida :  (1)  Cerceris  arenaria,  L.,  scarce;  (2)  C. 
labiata,  F.,  ab.  ;  (3)  C.  variabilis,  Schrk.,  very  ab.  ;  {h)  Vespidcr :  (4) 
Odynerus  parietum,  L.  (J ,  all  sucking. 
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Obd.  CISTINE^. 

45.  Helianthemum  vulgare,  L.  (Sauerland). — The  flower 
has  three  sepals,  five  petals  which  spread  out  to  face  the  sun,  and 
many  more  than  100  stamens  whose  anthers  mature  simultaneously 
with  the  large  capitate  stigma.  The  stigma  slightly  overtops  the 
anthers,  which  at  first  stand  close  around  the  centre  of  the  flower, 
but  move  outwards  when  touched,  dusting  the  insect  that  touches 
them  with  pollen.  The  result  of  this  irritability  of  the  stamens  is 
that  the  flower  is  most  conveniently  approached  from  the  outside, 
i  e,  from  the  corolla,  by  the  first  visitor,  and  at  least  as  conveniently 
from  the  centre  by  subsequent  visitors.  If  an  insect  which  has 
been  dusted  with  pollen  in  the  first  flower  alights  in  the  middle  of 
the  next,  it  always  effects  cross-fertilisation.  In  default  of  insect- 
visits,  self-fertilisation  results  in  the  closed  and  slightly  nodding 
flowers.  The  flower  contains  no  honey,  for  which  the  excess  of 
pollen  is  some  compensation. 

Visitors:  A.  Diptera — Syrphidce :  (1)  Helopliilua  pendulus,  L.  ;  (2) 
Syrphus  pyrastri,  L.  ;  (3)  S.  ribesii,  L.  ;  (4)  Melithreptus  scriptus,  L.  ; 
(5)  M.  taeniatus,  Mgn.  ;  (6)  Ascia  podagrica,  F.,  all  f.p.  B.  Hymenoptera — 
ApidcB :  (7)  Apis  mellifica,  L.  9 ,  ab.  ;  (8)  Bombus  muscorum,  L.  9  ;  (9)  Halictus 
villosulus,  K.  9  ;  (10)  Andreiia  fulvicnis,  K.  $ ,  all  c.p.  C.  Coleoptera — Cerani'- 
hycida :  (11)  Strangalia  nigra,  L.,  devouring  the  anthers. 

On  the  Alps  I  have  found  H,  vulgare  visited  by  fifty-three 
species  of  insects ;  the  small-flowered  H,  alpestre  by  fourteen.  They 
were  mostly  Di2)tera,  Apidce,  and  Coleoptera,  but  in  part  also 
Lepidoptera  (609). 

Most  North  American  species  of  Helianthemum  produce,  in 
addition  to  the  ordinary  flowers,  much  more  numerous  cleistogamic 
ones.  The  same  occurs  in  the  case  of  H,  Kahiricum  and  H,  Lippii 
in  Egypt  (531). 

The  flowers  of  H.  guttatum  only  open  in  the  morning  and 
close  after  a  few  hours,  fertilising  themselves  if  cross-fertilisation 
has  not  meanwhile  taken  place.  The  same  is  the  case  in  H,  vil- 
losum,  Thib.,  H,  ledifolium,  L.,  Cistus  hirsutus,  L.,  and  C  vUlosus, 
L.  (12). 

Lechea,  L.,  also  bears  cleistogamic  flowers  (399). 

Obd.   VIOLARIEjE. 

46.  Viola  tricolor,  L. — The  peculiar  arrangement  of  Viola 
was  in  substance  elucidated  by  Sprengel.  Hildebiund  subsequently 
drew  attention  to  the  lip-like  valve  of  the  stigmatic  cavity,  by 
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which  cross-fertilisation  is  assisted  in  Viola  tricolor,  which  had  been 
overlooked  by  SprengeL  I  have  observed  (No.  570)  that  this  lip, 
which  insures  cross-fertilisation,  is  only  developed  in  the  large- 
flowered  variegated  variety  of  V.  tricolor,  while  in  the  small- 
flowered,  whitish-yellow  variety,  V.  arvensis,  the  orifice  of  the 
stigma  is  devoid  of  a  lip  and  is  curved  inwards ;  in  this  form  the 
flower  fertilises  itself  spontaneously  very  soon  after  opening. 

In  all  our  violets  the  spurs  of  the  lower  anthers  act  as  honey- 
glands,  and  the  hollow  spur  of  the  lower  petal  which  contains 
them  forms  a  receptacle  for  the  honey.  To  reach  the  honey  in 
Viola  tricoloTj  the  insect  must  thrust  its  proboscis  into  the  flower 
close  under  the  globular  head  of  the  stigma.  This  lies  in  the 
anterior  part  of  a  groove,  fringed  Mrith  hairs,  on  the  inferior  petal. 
The  anthers,  which  together  form  a  cone,  shed  their  pollen  into 
this  groove,  either  of  themselves  or  when  the  pistil  is  shaken  by 
the  insertion  of  the  bee's  proboscis.  The  proboscis,  passing  down 
this  groove  to  the  spur,  becomes  dusted  with  pollen;  as  it  is 
drawn  back  it  presses  up  the  lip-like  valve  so  that  no  pollen  can 
enter  the  hollow  stigmatic  chamber;  but  as  it  enters  the  next 
flower  it  leaves  some  pollen  on  the  upper  surface  of  the  valve,  and 
thus  cross-fertilisation  is  effected. 

I  have  observed  very  numerous  bees  visiting  a  handsome, 
large-flowered  variety  which  is  not  uncommon  on  sandy  soil  at 
Lippstadt,  growing  along  Mrith  V.  arvensis.  Apis  mellijica,  L.  9, 
always  sucks  in  a  reversed  position  with  its  head  downwards ; 
it  often  alights  in  the  usual  position  and  then  turns  *  round 
Humble-bees  usually  suck  hanging  back  downwards  to  the 
flowers,  which  are  bent  down  by  their  weight.  Bomims  ierrcstris 
(7  to  9)  and  B,  lapidarivs  (12  to  14)  usually  turn  round,  so  as  to 
introduce  their  proboscis  in  the  same  way  as  the  honey-bee. 
B,  hortorum  (18  to  21)  and  ArUhophora  pilipes  (19  to  21)  grasp  the 
flower  from  behind  with  their  forefeet,  and  insert  their  tongues 
from  below  in  an  opposite  direction  to  the  honey-bee  (590,  il.). 

Andrcna  albicans,  K.  S ,  made  efforts  to  suck  honey,  thrusting 
its  proboscis  repeatedly  into  the  same  flower.  The  attempt  must 
have  been  fruitless,  as  the  {proboscis  of  this  bee  is  only  2  to  2^  mm. 
long,  while  the  pollen-collecting  groove  described  above  is  3  mm. 
long,  and  the  spur  extends  for  another  3  mm. ;  in  this  case,  the 
repeated  insertion  of  the  proboscis  into  the  same  flower  must  have 
led  to  self-fertilisation.  I  repeatedly  noticed  a  common  small  fly, 
Syritta  pipicns,  L.,  eating  pollen  in  the  groove  and  on  the  anthers 
of   V.  tricoh}';   as  it  often    touched   the   stigma  also  with    its 
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proboscis,  it*  might  easily  accomplish  self-fertilisation.  Delpino 
saw  V,  tricolor  visited  by  Anthophora  pilipcs,  Darwin  found  it 
visited  by  Bomhtis  sp,  and  Rhingia  rodrata, 

I  have  found  V,  tricolor,  var.  arvenms,  to  be  very  sparingly 
visited,  chiefly  by  bees  and  humble-bees,  more  rarely  by  Rhingia 
and  by  butterflies  (590,  II.). 

Viola  calcarata,  L.,  greatly  surpasses  V,  tricolor  in  the  size 
of  its  flower  and  the  length  of  its  spur  (13  to  25  mm.).  It  is 
fertilised  only  by  Lepidoptera,  chiefly  by  Macroglossa  stella- 
tarurn  (25  to  28  mm.),  our  quickest  worker.  I  have  seen  this 
insect  visit  194  flowers  on  diff'erent  plants  in  6 J  minutes,  and  I 
could  see  it  cross-fertilise  them  by  means  of  the  tip  of  its  proboscis 
dusted  with  white  pollen  (609). 

Viola  cornuta,  according  to  Mr.  W.  E.  Hart  (308),  is  adapted 
for  fertilisation  by  nocturnal  Lepidoptera  by  its  long  spur  and  by 
emitting  its  perfume  most  powerfully  by  night.  He  found  it  visited 
by  humble-bees,  by  Hipparchia  Janira,  and  by  Cucullia  uuibratica. 

Viola  arcnariu,  D.C.,  is  visited  by  butterflies  (609), 

Viola  hijlora,  L.,  is  adapted  for  fertilisation  by  Diptera  (609). 

47.  Viola  odorata,  L. — Here  the  end  of  the  pistil  which 
bears  the  stigma  is  not  globular  and  close  to  the  lower  petal,  but 
stands  at  a  short  distance  from  the  latter  and  is  bent  downwards 
into  a  hook.  When  a  honey-seeking  insect  thrusts  its  head  or 
proboscis  beneath  the  stigma  it  pushes  up  the  pistil  and  opens 
the  conical  ring  of  anthers;  the  pollen  is  thus  shed  upon  the 
inserted  organ.  Thus  in  every  flower  the  insect  touches  first  the 
stigma  and  then  causes  shedding  of  the  pollen. 

Sprengel's  experiments  led  him  to  the  conclusion  that  if  insects 
are  excluded  the  flowers  bear  no  seed. 

Visitors  :  A.  Hynienoptcra  — ^/>/</cc  .•  (1)  Apis  mellifica,  L.  5>"^*^ry  ab., 
p.  (as  Sprengel  described  and  figured  (title-page  xi.)  it  comes  downwards  and 
inserts  its  proboscis  into  the  flower  from  above)  ;  (2)  Anthophora  pilipes, 
F.  (J ,  sucks,  clinging  to  the  lower  petal, — the  following  species  do  likewise  ; 
(3)  Bombus  hortorum,  L.  $  ;  (4)  B.  lapidarius,  L.  ?  ;  (5)  B.  Rajellus,  111.  $  ; 
(6)  Osmia  ruftv.  L.  (J  $ ,  very  ab.,  also  enters  the  flower  from  above  as  a  rule. 
B.  Diptera — BombylidiE :  (7)  Bombylius  discolor,  Mgn.,  s.  C.  Lepidoptera — 
(8)  Vanessa  urticoe,  L.,  s.  ;  (9)  Rhodocera  rhamni,  L.,  s. 

48.  Viola  silvatica,  Fries.  (V.  sUvestrLs,  Lam.). — The  spur  is 
7  mm.  long  ;  the  honey -secreting  appendages  to  the  inferior  anthers 
which  project  into  it  are  5  mm.  long.      As  in  V,  tricolor,  tlie  cavity 
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of  the  stigma  is  protected  by  a  lip-sliaped  valve ;  but  the  pollen 
is  shed  directly  upon  the  insect's  proboscis  or  head,  as  in  V,  odarata. 

Visitors :  A.    Hymenoptera — Apidcs :  (1)  Bombus  agrorum,  F.,  9,8.     B. 
Diptera — Bombylida:  (2)   Bombylius  discolor,    Mgn.   s.     C.    Lepidoptera — 

(3)  Anthocharis  cardamines,  L.,  s.  ;  (4)  Pieris  brassica),  L.  ;  (5)  P.  napi,  L.,  s.  ; 
(6)  P.  ropse,  L.,  s.  ;  (7)  Rhodoceni  rlianini,  L.,  s. 

49.  Viola  canina,  L.  : — 

Visitors:    A.    Hymenoptera — Ap'idm :  (1)    Bombus  lapidarius,   L.  $,8.; 
(2)  Osmia  rufa,  L.  ^J ,  s.  ;  (3)  0.  fiisca,  Chr.  9,8.     B.  Diptera — Bomhylidoi : 

(4)  Bombylius  major,  L.,  s.     C.  Lepidoptera — Rhopalocera :  (5)  Pieris  rapsp, 
L.,  8.  ;  (6)  P.  napi,  L.,  s. 

Cleistoganiic  flowers  have  been  observed  in  many  ViolarieoR :  in 
V,  mirabilis,  L.,  by  Dillenius ;  in  V,  pinnafa,  L.,  and  V,  montana, 
L.,  by  Linnaeus;  in  V,  elatior,  Fr,  V, pu7nila,  var.  landfolia,  Thor. ; 
V,  odorata,  L.,  and  V,  canina,  L.,  by  Daniel  Miiller ;  in  lonidium, 
Vent.,  by  Bemouilli.  I  can  add  V,  bicoloi*^  to  this  list.  In  the 
summer  of  1859,  I  gathered  some  plants  of  this  species  at 
Ramsbeck  Waterfall,  and  placed  them  in  a  plate  with  water  under 
the  shadow  of  a  bush  in  my  garden,  to  let  the  flowers  expand  ;  the 
plants,  which  I  watched  daily,  grew  well,  and  though  no  flowers 
opened  I  obtained  plenty  of  capsules  with  good  seed.  Cleistogamic 
flowers  have  been  seen  by  Mr.  T.  H.  Corry  in  F.  silvatica,  Fries., 
and  in  V,  dagnina,  Kit. ;  they  are  rare  in  the  latter.  Bennett  has 
observed  cleistogamic  flowers  in  Viola  cucullata,  Ait.,  V.  silvatica, 
V,  Jloribunda,  and  Kmgittata,  Ait.  (79). 


EVOLUTION   OF   COLOUR   IN    VIOLETS. 

Various  facts  show  that  the  flowers  of  the  Violet  were  originally 
yellow. 

The  smallest,  most  short-spurred  of  our  Violas  is  V,  bijlora, 
which  is  visited  by  Diptera,  and  only  exceptionally  by  short-lipped 
bees;  its  flowers  are  yellow.  The  smallest-flowered  form  of 
V.  tricolor  (var.  arvensis)  has  whitish-yellow  flowers.  The  large- 
flowered  V,  tricolor,  var.  alpestris,  shows  all  stages  in  the  passage 
from  yellow  flowers  to  blue  ;  many  plants  have  flowers  which  are 
yellow  throughout,  in  others  the  flowers  are  yellow  when  they 

^   V.  bicolor,  Pursh.,  is  a  form  of  V,  tricolor ^  var.  arvensis. — Asa  Gray,  North 
Jmpriam  Flora. 
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open,  but  change  gradually  to  blue,  and  in  others  the  change  to 
blue  occurs  immediately  after  opening,  or  even  before. 

The  most  specialised  form,  V.  calcaraia,  is  almost  always  blue, 
but  occasionally  it  reverts  to  the  ancestral  yellow  colour  (609). 

Obd.  POLYGALEJi. 

50.  PoLYOALA  COHOSA,  Schk. — The  Btructure  of  the  flower 
of  P,  vulgaris,  which  i^rees  in  all  essential  points  with  that  of 
P.  comom,  here  figured,  was  first  explained  by  Hildebraud  (352). 

The  two  lateral  sepals  (ala),  which  are  large  and  coloured, 
render  the  flower  conspicuous.    The  inferior  petal  (p')  is  furnished 
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at  its  apex  with  finger-like  processes,  which  support  the  bee  when 
it  alights.  On  the  upper  surface  of  this  petal  is  a  pouch  with  two 
valves,  inclosing  the  essential  organs ;  in  it  lies  the  spoon-shaped 
style  with  its  concavity  upwards,  and  in  this  the  anthers  on  both 
sides  lie  and  shed  their  pollen  ;  close  behind  its  holiow  extremity 
the  style  bears  a  viscid  stigmatic  lobe,  bent  shaqily  downward?. 
An  insect  which  tries  to  reach  the  honey  secreted  in  the  bast- 
of  the   flower   must,   wbilo   clinging   to   the   flmbriato   processes 
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of  the  lower  petal,  thrust  its  proboscis  between  the  two  valves  of 
the  pouch,  and  thus  come  in  contact  both  with  the  pollen  and  with 
the  viscid  stigma  ;  the  proboscis  being  thus  rendered  adhesive 
carries  some  pollen  with  it  out  of  the  flower,  and  when  it  is  drawn 
out  of  the  next  flower  in  a  similar  manner  it  leaves  some  of  this 
pollen  either  caught  by  the  stigmatic  hook  or  adherent  to  the 
papillae.  Thus  cross-fertilisation  goes  on  regularly.  In  default 
of  insect-visits  the  stigmatic  lobe  curves  over  upon  the  pollen 
accumulated  in  the  "  spoon,"  and  is  thus  self-fertilised. 

On  the  Alps  P.  comosa  is  visited  by  Lepidoptera,  but  in  Low 
Germany  chiefly  by  bees  (SQO,  ii. ;  609). 

Polygala  cdpestris,  Rchb.,  is  visited  by  butterflies  (609). 

51.  Polygala  vulgaris,  L.  :— r 

• 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Bombus  terrestris,  L.  ? ,  s.,  very 
frequent ;  (2)  B.  lapidarius,  L.  9,8.;  (3)  Apis  mellifica,  L.  9 » «•  B.  Lepid- 
optera— (4)  Polyommatus  Eurydice,  Rott  (Chryseis,  W.  V.),  s.  See  also  No. 
590,  II. 

Polygala  Chaniwbuxus,  L. — The  pollen  is  stored  in  a  cup  at 
the    end   of   the   style,   beside   which   is   the   sticky   stigma-disc 

(360). 

The  mechanism  of  fertilisation  shows  a  certain  resemblance  to 
that  of  Papilionaceae.  In  both,  the  stamens  and  style  lie  in  the 
inferior  part  of  a  tubular  horizontal  flower,  at  the  end  of  which 
they  bend  upwards,  and  bear  the  anthers  and  stigma.  Those  parts 
lying  in  the  ai^terior  pari  of  the  flower  are  in  both  sheltered  by  a 
carina  formed  of  coherent  petals,  and  emerge,  or  at  least  permit 
the  stigma  and  pollen  to  emerge,  when  the  carina  is  pressed  down, 
as  it  is  by  every  insect  which  obtains  the  honey  in  the  legitimate 
manner. 

In  Polygala  Chammlntxits^  as  in  LotiLS  and  several  other  Papil- 
ionaceae, it  is  not  the  anthers  themselves  that  emerge  when  the 
carina  is  depressed,  but  only  part  of  the  pollen  which  escapes ; 
and  after  repeated  depressions  the  stigma  also  emerges,  and 
cross-fertilisation  is  thus  insured.  A  full  description  of  this 
interesting  flower  is  given  in  my  book  Die  Alpenbumen. 

Polygala  myrtifolia,  L.,  has  also,  according  to  Delpino,  a  floral 
arrangement  comparable  to  that  of  Papilionaceae.  The  two  upper 
petals  represent  the  vexillum  ;  the  lower  one  represents  the  carina, 
and  like  it  surrounds  the  reproductive  organs  and  allows  them  to 
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protrude  on  being  pressed  down  by  the  weight  of  an  iusect : 
serrate  processes  on  the  lower  petal  supply  the  place  of  ahe.  The 
stamens  cohere,  forming  a  tube  incomplete  superiorly,  where  a 
longitudinal   split  admits  the  insect's  proboscis  to  the  nectaries 
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surrounding  the  b;ise  of  the  coUiniii.     The  flowers  have  the  same 
want  of  symmetry  as  those  of  Lnthyr-us  and  J'haseolus,  and  are 
fertilised  in  the  same  way  by  Xylocopa  violafxa.  (178,  360). 
Polygala  has  cleistogamic  flowers,  according  to  Kuhn  (J99). 
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Obd.  CARTOPHYLLE^ ;  a.    SILENBjE. 

52.  DiANTHUs  DELTOIDES,  L. — The  stamens  and  petals  spring 
from  an  annular  ridge  of  the  receptacle  encirchng  the  stalk  of  the 
ovary.  This  ridge  bears  on  its  inner  border  a  yellow  fleshy  cushion 
which  secretes  honey. 

The  pistil,  the  stamens,  and  the  claws  of  the  petals,  which  are 
grooved  to  inclose  the  five  inner  stamens,  are  all  closely  surrounded 
by  the  tube  of  the  calyx,  which  is  12  to  14  mm.  long,  and  a 
little   over   2  mra.   wide.     A   very   narrow   passage   is   thus  left. 
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12  to  14  mm.  long,  leading  to  the  honey,  which  is  lodged  between 
the  base  of  tlie  stamens  and  the  ovary.  This  ptissage  is,  in  the 
first  state  of  the  flower,  so  much  blocked  by  the  five  inner 
anthers,  tliMt  tlie  honey  is  only  acces-sible  to  the  proboscis  of 
Lepidoptera.  The  flowers  are  thus  specially  adapted  for  butter- 
flies; but  their  protruding  anthers  are  taken  advantage  of  by 
pollen-seeking  insects  which  act  as  subsidiary  fertilisers. 

Flowering  begins  by  the  petals,  hitherto  erect  and  involute, 
spreading  out  horizontally;  they  are  rose-red,  with  slightly  in- 
dented purple  transverse  lines  near  the  base,  and  spreckled 
externally  to  these  transverse  lines  with  small  white  spots,  each 
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of  which  bears  an  upright  hair.  The  limb  of  the  corolla  forms 
a  rosy  circle,  finely  notched  at  its  circumference,  indented  by  five 
deep  incisions,  and  with  its  white  centre  surrounded  by  a  purple 
ring,  outside  which  are  scattered  white  spots  (Fig.  39,  1).  As  soon 
as  the  flower  has  expanded  and  thus  made  itself  attractive  to  the 
eminently  colour-loving  butterflies,  the  stamens,  with  their  anthers 
coated  all  round  with  pollen,  elongate  and  protrude  one  after 
another  in  rather  quick  succession  from  the  narrow  tube,  so  that 
every  butterfly  which  inserts  its  proboscis  must  dust  at  least  its 
head  with  pollen.  The  five  inner  stamens  still  remain  in  the  tube, 
rendering  it  too  narrow  for  anything  save  the  butterfly's  proboscis. 
As  the  outer  stamens  wither,  the  five  inner  ones  protrude  in  succes- 
sion ;  but  the  two  styles  still  lie  twisted  together  within  the  tube 
(Fig.  39,  2  and  3).  Only  after  the  stamens  have  withered,  and 
have  for  the  most  part  lost  their  anthers,  do  the  styles  elongate 
and  allow  the  stigmas  to  emerge  from  the  flower ;  the  stigmas  now 
spread  apart,  still  retaining  their  spiral  twist,  so  that  from  which- 
ever side  a  butterfly  comes  to  suck  honey  it  cannot  fail  to  touch 
some  part  of  the  stigmatic  papilla)  with  its  head. 

Pollen-seeking  insects,  if  they  only  resort  to  young  flowers 
whose  anthers  still  have  pollen,  cannot  act  as  fertilisers  ;  but  they 
may  do  so  if  they  alight,  as  flies  often  do,  upon  older  flowers  with 
mature  stigmas,  in  which  case  they  fly  away  again  disappointed. 

Self-fertilisation  is  completely  prevented  by  the  well-marked 
dichogamy. 

As  normal  fertilisers  of  Dianthus  deltoides,  I  have  only  observed 
Pieris  rapcc,  L.,  and  Satyrus  Janira,  L.,  but  these  I  have  noted 
repeatedly.  Several  Syrphidcc,  viz.,  Rhingia  rostrata,  L.,  Meli- 
threptus  script  us,  L.,  M.  put  us,  Mgn.,  and  Hclophilus  pendulus,  L., 
resort  to  the  flower  for  the  sake  of  pollen.  I  once  noticed  Ehingia 
rostrata  make  a  vain  attempt  to  reach  the  honey ;  it  plunged  its 
proboscis  with  a  great  effort  into  four  flowers  successively,  but 
as  its  proboscis  is  only  11  mm.  long  it  never  reached  the  honey ; 
in  a  short  time  it  resigned  the  attempt,  and  betook  itself  to  eating 
pollen. 

53.  Dianthus  carthusianorum,  L.,  has  the  same  floral  mech- 
anism as  the  preceding  species.  In  Thuringia  I  have  observed 
numerous  visitors  upon  its  flowers,  consisting  almost  solely  of 
Lepidoptera. 

(a)  Rhojxilocera :  (1)  Colias  hyale,  L.,  frequent;  (2)  Rliodoceni  rliainni^ 
L,   very  ab. ;    (3)    Polyommatus  Phlceas,   L. ;   (4)   Heuporia,  fre(|uent ;    (h) 
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Sphingei :  (5)  Macii^]o6ei>  Bt^llataniin,  L.  ;  (6)  Zfgsna  carniolica.  Scop.  ; 
(c)  Noctva :  {")  Plusia  gamma,  L.,  ab.— The  only  other  insect  that  I  have 
found  on  the  flowen  was  n  small  Balielut,  c.p.  (SepL  1871).  See  also  No. 
590,11. 

54.  DlANTHUS  CHlNENSls,  L. — I  have  seen  flowers  in  my 
garden  repeatedly  visited  by  Noctura:  (1)  Plusia  gamma,  L.' 
(2)  Agrotis  pronuba,  L. ;  and  (3)  Bratolamia  iiuticulosa,  L. 

Species  of  Dianthtis  which  I  have  observed  on  the  Alpa 
{D.  mperbus,  L.,  D.  silcestria,  Wulf.,  and  D.  atrorubene,  All.),  are, 
like  the  three  preceding  species,  distinctly  proterandrous,  and 
visited  by  diurnal  Lepidoptera  (609). 

As  in  the  proterandrous  Alsinese,  gynodicecism  seems  to  be 
widespread   in  the   genus  Dimttkus.     It   occurs   in  D.  guperbua. 


J>.  caTthumanontm,  and  D.  deltoides,  and  the  last  of  these  shows 
all  gradations  between  hermaphrodite,  gynomoncecious,  and  gyno- 
dioecious  flowers  (607). 

55.  Gtpsophila  paniculata,  L. — Although  the  corolla,  when 
fully  expanded,  is  barely  4  to  5  mm.  in  diameter,  the  many 
hundreds  of  flowers  horue  at  once  by  a  single  plant,  and  the 
abundant  and  easily  accessible  hooey  and  pollen,  attract  numerous 
insects.     The  power  of  self-fertilisation  has  been  entirely  lost. 

The  honey  lies  between  the  ovary  and  a  green  fleshy  ring  at 
the  base  of  the  ten  stamens;  the  cup  at  the  bottom  of  which 
it  lies  is  2J  mm.  deep,  and  about  the  same  in  width  at  the 
entrance.  The  honey  is  therefore  accessible  to  short-lipped 
insects.     First  the  five  outer  stamens,  which  alternate  with  th« 
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petals,  and  afterwards  the  inner  five,  ripen  and  protrude  from 
the  flower  with  an  inclination  outwards.  They  wither,  curving 
outwards  and  downwards,  and  then  the  two  short  styles,  hitherto 
bent  inwards,  elongate  and  protrude  from  the  flower,  diverging 
from  one  another. 

Visitors  :  A.  Diptera— (a)  Tahanidce :  (1)  Chrysops  cojcutiens,  L.,  s.  ; 
(ft)  SyrphidcB:  (2)  Eristalis  eeneus,  L.  ;  (3)  E.  nemorum,  L.  ;  (4)  E.  arbus- 
torum,  L.,  all  three  ab.,  s.  and  f.p.  ;  (5)  Syritta  pipiens,  L.,  very  ab.  : 
(6)  Ascia  podagrica,  F.  ;  (7)  Syrphus  balteatos,  Deg.  ;  (8)  Melithreptus 
pictua,  Mgn.  ;  (9)  M  tajniatus,  Mgn.,  all  s.  or  f.p.  ;  (o)  Mmc'u1(E :  (10)  Pyrellia 
cadaverina,  L. ;  (11)  Onesia  floralis,  Rob.  Desv. ;  (12)  Sarcophaga  camaria, 
L. ;  (13)  Lucilia  silvarum,  Mgn.,  all  8.  ;  (14)  Anthomyia  sp.  ;  (15)  Sepsis. 
B.  Hymenoptera— (a)  Evan'iidiB :  (16)  Fojnua  jaculator,  F.  ;  {h)  Formicidop  : 
(17)  several  species  ;  (c)  Sphegida: :  (18)  Oxybelus  uniglumis,  L.  ;  (d)  Vespidcp  : 
(19)  Odynerus  simplex,  F.  ;  (20)  0.  parietum,  L., — all  the  Hymenoptera  s. 

Gypsophila-  repens,  L.,  when  flowering  on  sunny  slopes  of  the 
Alps  where  insects  are  plentiful,  is  so  distinctly  proterandrous 
that  spontaneous  self-fertilisation  is  impossible.  In  less  favourable 
localities  it  fertilises  itself  when  not  visited  by  insects  (609). 

Sajyonaria  ocymoides,  L.,  is  distinctly  proterandrous,  and  is 
frequented  by  butterflies.  It  clothes  sunny  gravelly  slopes  in 
the  sub-alpine  region  with  its  handsome  red  flowers.  I  saw  it 
visited  by  thirty-three  species  of  Lepidoptera,  twenty-eight  of 
which  were  butterflies,  besides  some  humble-bees  and  Bomln/lidcc, 

Sapoiiaria  vaccaria,  L.,  is  also  fertilised  by  butterflies  (S90,  II.). 

56.  Saponaria  officinalis,  L. — This  species  is  adapted  for 
nocturnal  Lepidoptera,  as  the  foregoing  species  of  Saponaria  and 
Dianthus  are  for  the  diurnal  forms.  The  bright  colour  and  elegant 
markings  which  attract  butterflies  are  absent :  the  flowers  are  of 
one  colour,  and  their  scent  is  strongest  in  the  evening.  As  in  the 
other  species,  the  honey  lies  hidden  in  the  base  of  a  long  narrow 
tube.  The  calyx-tube  is  18  to  21  mm.  long,  but  the  claws  of  the 
petals  stand  a  few  millimetres  higher.  The  flowers  are  markedly 
proterandrous.  First,  the  five  outer  stamens  protrude  a  few  milli- 
metres from  the  flower,  and  dehisce  immediately  over  its  entrance ; 
afterwards  they  spread  apart  and  leave  the  entrance  free.  The  five 
inner  stamens  now  follow  the  same  course,  turning,  as  the  others 
did,  the  pollen-covered  surface  of  their  anthers  upwards.  The 
styles  are  still  inclosed  within  the  tube,  and  are  only  slightly 
separated  at  their  apices.  When  the  inner  stamens  have  withered, 
the  two  styles  grow  up  out  of  tlie  flower,  and  spread  apart,  turning 
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their  papillar  inner  surfaces  upwards.  The  honey  is  secreted  as  in 
Dianthvs,  I  omitted  to  watch  the  flowers  in  their  season,  and  can 
only  mention  Sphinx  ligvMri,  L.,  as  a  fertiliser;  it  visited  the 
flowers  of  this  plant  in  my  garden  one  evening  during  slight  rain, 
and  sucked  them  with  the  usual  rapidity  of  the  hawk-moths.  I 
have  also  found  Halictus  morio,  F.  ?,  collecting  pollen  on  the 
flowers  (July  13,  1869). 

SUeTU  rupedris,  L.,  is  proterandrous,  and  is  visited  by  numerous 
insects.  It  inhabits  the  same  localities  as  Oypsophilu  repens, 
and  secretes  and  conceals  its  honey  in  the  same  way  as  that 
species.  Its  flowers  are  equally  conspicuous,  but  stand  some- 
what isolated  on  sparingly  branched  stalks ;  owing  probably  to 
this  circumstance,  the  power  of  self-fertilisation  has  not  been 
entirely  lost  (609). 

SUene  acatdis,  L.,  ascends  in  the  higher  Alps  to  a  height  of 
over  10,000  feet.  Its  low  tufts  closely  studded  with  pink  or 
carmine  flowers  attract  so  many  butterflies  that  as  a  rule  the  plant 
has  been  able  to  dispense  with  the  power  of  self-fertilisation. 
Most  tufts  are  exclusively  staminate  or  pistillate,  and  only  rarely 
hermaphrodite  and  proterandrous.  The  latter  in  case  of  need  fer- 
tilise themselves.  I  have  observed  eighteen  species  of  butterflies 
on  this  flower  (609). 

As  Silene  dcaulis  is  adapted  for  diurnal  Lepidoptera,  so  S.  infiata, 
Sm.,  and  S,  nutans,  L.,  are  adapted  for  the  nocturnal  forms.  I 
found  both  on  the  Alps,  visited  in  the  evening  by  Noctuidae,  and 
in  the  daytime  by  humble-bees.  Silcns  nutans,  L.,  is  markedly 
proterandrous.  According  to  Kemer,  each  flower  opens  upon 
three  successive  nights,  on  which  the  outer  stamens,  the  inner 
stamens,  and  the  stigmas  are  exserted  respectively.  According  to 
Ricca  (665),  the  flowers  are  sometimes  diclinous  by  incomplete 
development  of  the  stamens,  that  is  to  say,  gynodiosdous,  Silene 
infiata.  L.,  is  trioecious  and  polygamous,  like  S.  acaulis. 

Lychnis  flos^ovis,  L.,  is  distinctly  proterandrous ;  L.  rubra, 
Weigel,  is  trioecious  and  polygamous.  Both  have  bright  red 
flowers,  and  are  greatly  frequented  by  butterflies  on  the  Alps  (609). 

Lychnis  Visearia,  L.,  is  also  adapted  for  cross-fertilisation  by 
butterflies  (590,  ii.). 

Lychnis  alpine,  L. — The  proterandrous  flowers  are  figured  and 
described  by  Axell  (17). 

57.  Lychnis  flos-cuculi,  L. — In  regard  to  the  position  of 
the    honey,   the   flowers  of  this  plant  are  intermediate   between 
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those  of  lUellaria,  Cerastium,  and  GypsophUa  jmnimclata,  where 
the  honey  is  fiilly  exposed,  and  Diaivthus  and  Saponai^ia,  where 
it  is  only  accessible  to  Lepidoptera.  The  insect- visitors  include 
bees,  Lepidoptera,  and  some  long-tongued  flies.  The  nectaries, 
which  lie  at  the  base  of  the  stamens,  cohere  into  a  fleshy 
ring  surrounding  the  ovary.  The  calyx  tube  is  6  to  7  mm.  long, 
and  bears  teeth  3  mm.  long,  which  stand  erect  and  support 
the  claws  of  the  petals.  The  honey  is  thus  accessible  to  insects 
which  have  a  proboscis  9  to  10  mm.  long ;  or  which,  with  a  pro- 
boscis at  least  6  mm.  long,  have  strength  enough  to  push  apart 
the  claws  of  the  petals,  above  the  level  of  the  calyx-tube ;  or, 
finally,  to  insects  small  enough  to  creep  down  the  tube. 

The  flowers  are  distinctly  proterandrous.  First,  the  five  outer 
anthers  dehisce,  while  standing  in  the  entrance  of  the  flower  and 
having  their  pollen-covered  sides  turned  towards  one  another.  The 
tube,  though  it  permits  a  butterfly's  proboscis  to  pass  easily  down, 
is  so  much  obstructed  by  the  anthers  that  the  proboscis  cannot  fail 
to  be  dusted  with  pollen.  These  stamens  then  elongate,  and  bend 
outwards  to  lie  in  the  intervals  between  the  petals,  while  the  inner 
whorls  take  their  place  in  the  entrance  of  the  flower.  When  these 
wither,  the  five  styles  grow  up,  and  the  stigmatic  papillae,  which 
clothe  the  whole  of  their  inner  surfaces,  attain  their  full  develop- 
ment. The  styles  reach  to  the  entrance  of  the  flower,  and  their 
ends  make  1^  to  2  spiral  turns,  so  that  an  insect  cannot  fail  to 
touch  some  part  of  the  stigmatic  surfaces  with  its  proboscis  in 
thrusting  it  down  into  the  flower. 

The  flowers  are  chiefly  visited  for  the  sake  of  their  honey ;  I 
have  only  seen  the  hive-bee  collecting  pollen,  and  two  species 
of  Syrphidae  feeding  on  it. 

Visitors  :  A.  Hymenoptera— ^/;tWrt! :  (1)  Bombiis  Rajellus,  111.  ?  (12  to  13)  ; 
(2)  B.  lapidariua,  L.  ?  5  (10  to  14)  ;  (3)  B.  agix^rnin,  F.  ?  (12  to  15)  ;  (4)  B. 
terre-stria,  L.  ^  (7  to  9)  ;  (5)  Apis  mellifica,  L.  5  (6),  nb.,  s.  and  c.p.  ;  (6)  Osinia 
rufa,  L.  9  (9) ;  (7)  Andrena  nitida,  K.  ?  (3  to  4),  they  sought  in  vain  for  honey  in 
heveral  flowers.  B.  Lepidoptera — (a)  BhojMlocera :  (8)  Pieris  bnissicae,  L. 
(15)  ;  (9)  P.  rapa?,  L.,  both  ah.  ;  (10)  Lycaena  Icarus,  Rott.  ;  (b)  Sphinges: 
(11)  Macroglossa  fuciformis,  L.  ;  (12)  Ino  statice.**,  L.  ;  (r)  Nochice :  (1.3) 
Enclidia  glyphica,  L.,  very  ab.  C.  I>\^ter&—Syrj)hidaf :  (14)  Rliingiarostrata, 
L.  (11  to  12),  s.  ;  (15)  Volucella  pluraata,  L.,  f.p.  ;  (16)  Syrphus  pyrastri, 
L.,  f.p. 

I  have  observed  the  stamens  of  L.  flos-cuculi  dusted  with 
butterflies*  scales,  and  a  Pieris  rapce  which  I  caught  upon  the 
flower  had  a  number  of  its  pollen-grains  among  the  hairs  and 
scales  on  the  forepart  of  its  head. 
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58.  Lychnis  vespertina,  Sibtli.  (L.dioica, /8,L.). — The  stnicture 
of  the  flower  has  been  thoroughly  explained  by  Sprengel.  Honey 
is  secreted  by  the  lower,  fleshy  part  of  the  (developed  or  abortive) 
ovary,  and  lies  at  a  depth  of  20  to  25  mm.  in  fertile  or  pistillate 
flowers,  and  of  15  to  18  mm.  in  barren  or  staminate  ones.  Both 
kinds  of  flowers  are  much  constricted  near  their  upper  end  by  the 
calyx,  and  can  only  be  forced  open  a  little  at  the  very  brim  by  an 
insect's  head  ;  a  thin  proboscis  at  least  15  to  20  mm.  long  is  needed 
to  reach  the  honey.  The  pure  white  flowers,  which  have  no 
guiding  marks,  expand  in  the  evening,  though  they  are  not 
completely  shut  by  day.  These  characters  taken  together  exclude 
diurnal  insects  except  such  as  come  seeking  pollen,  and  make  the 
flowers  so  much  the  more  attractive  to  crepuscular  and  nocturnal 
Lepidoptera.  According  to  Delpino  (178,  p.  161),  the  anthers  ripen 
two  by  two,  a  fact  which  I  have  not  observed.  A  farther  remark  of 
Delpino's,  that  the  flowers  stand  horizontjilly,  and  let  the  stamens 
emerge  at  their  highest  part,  does  not  at  all  hold  good  of  the 
specimens  in  my  neighbourhood,  which  have  an  almost  perpen- 
dicular position,  as  Sprengel  figures  them. 

I  have  repeatedly  seen  Sphinx  porceMus,  L.,  visiting  and  cross- 
fertiUsing  the  flower. 

59.  Lychnis  Githago,  L.,  is,  like  IHanthus,  adapted  for  fer- 
tihsation  by  butterflies,  and  resembles  JD^ianthns  in  regard  to  its 
nectaries,  the  position  of  its  honey,  its  proterandrous  dichogamy, 
and  the  order  of  development  of  its  anthers  (702,  p.  254). 

Visitors  :  A.  Lepidoptera — Rhopalocera:  (1)  Hepperia  silvanus,  Esp.,  s.  ;  (2) 
Pieria  brassica),  L.,  h.,  very  ab.  B.  Diptera — Syrphid(e  :  (3)  Rhingia  rostrata,  L., 
I  saw  it  insert  its  proboscis  repeatedly,  seeking  in  vain  for  honey.  See  also 
No.  590,  II. 

The  species  of  Silene  and  Lychnis  have  a  relation,  according  to 
Dr.  Buchanan  White,  to  species  of  IHunthoscia  {Noctuidce)  like  that 
which  exists  between  Yucca  and  the  Yucca-moth.  The  species  of 
Diantho&cia  fertilise  Silene  and  Lychnis,  and  thereby  make  provision 
for  their  larvae,  which  feed  exclusively  on  the  unripe  seeds  of  these 
plants.  But  Silene  and  Lychnis  have  many  other  insect-fertilisers 
besides  (773). 

.    Ord.  CARYOPUYLLEjE;  6.  ALSINEM 

60.  Cerastium  arvense,  L.— The  flowers  resemble  those  of 
&  Holostea  in  the  position  of  their  nectaries,  in  the  order  of  develop- 
ment of  the  two  staminal  whorls  and  the  stigmas,  and  hence  also 
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in  the  likelihood  of  cross-fertilisation  in  case  of  insect-visits,  and 
of  self-fertilisation  in  their  absence.  They  are  equally  con- 
spicuous, and  are  visited  to  about  the  same  extent. 

Visitors  :  A.  Diptera — (a)  Stratiomyidce  :  (1)  Stratiomys  sp.,  s.  (6)  Empxda: 
(2)  Empis  opoca,  F.  ;  (3)  E.  rustica,  Fallen,  both  very  ab.,  s.  ;  (c)  Leptida : 
(4)  Leptis  strigosa,  Mgn.,  s.  ;  (rf)  Syrphida: :  (5)  Eristalis  nemorum,  L.  ;  (6)  E. 
arbustorum,  L.  ;  (7)  E.  sepulcralis,  L. ;  (8)  Syritta  pipiens,  L.,  all  four  ab., 
s.  ;  (9)  Platycheiros  manicatiia,  Mgn.,  ab.,  s.  ;  (10)  Syrpbus,  sp.,  a.  ;  (11) 
Melanostoma  mellina,  L.,  s. ;  (e)  Afuscidce  .*  (12)  Sepsis  ;  (13)  Anthomyia  aetiva, 
Mgn.,  8.  B.  Hymenoptera — Apidce:  (14)  Andrena  argentata,  Sm.  ?,  s.  ;  (15) 
A,  albicans,  K.  ? ,  s.  ;  (16)  Halictus,  9  (the  size  of  H.  nitidiusculus)  s.  C.  Cole- 
o^teTfL—Staphylinidce:  (17)  Omalium  florale,  Pk.  D.  Thysanoptera :  (18) 
Thrips,  frequent  in  tbe  l)a8e  of  the  flower.  E.  Lepidoptera— (19)  Polyom- 
matus  Phlojas,  L.,  s.     See  also  No.  590, 11.,  and  No.  609. 


Fia.  41. — Cerastium  arvensf,  L. 

l,_Flower  In  flret  stage.  The  outer  whorls  of  anthers  are  covered  with  pollen,  the  Inner  are  not 
yet  full  grown ;  the  styles  are  curled  inwards. 

2  —Flower  at  the  end  of  the  third  stage  The  outer  anthers  are  In  part  fallen  off,  and  In  part 
withered ;  the  inner  are  still  sparingly  coated  with  pollen ;  the  stigmas  are  mature. 

61.  Cerastium  triviale,  Link,  has  smaller  flowers  and  fewer 
insect-visitors  ;  accordingly  it  is  less  markedly  proterandrous  than 
C,  arvense.  It  produces  seed  by  self-fertilisation  in  the  absence  of 
insects  (Axell,  17). 

Visitors  :  Diptera— (a)   Syrphida :   (1)    Syritta  pipiens,   L.,  s.   and  f.p.  ; 
ih)  Bmpidce :  (2)  Empis  livida,  L.,  s. 

62.  Cerastium  semidecandrum,  L.,  has  still  smaller  flowers 
and  is  still  less  frequently  visited  than  the  preceding  species ;  it  is 
still  less  distinctly  proterandrous,  and  fertilises  itself  regularly  in 
absence  of  insects. 

As  in  Stellaria  media,  the  inner  honeyless  stamens  are  usually 
abortive,  but  remains  of  their  filaments,  sometimes  attaining  half 
the  length  of  the  outer  stamens,  frequently  remain.  When  the 
anthers  dehisce,  they  occupy  the  middle  of  the  flower,  and  the 
stigmas  still  lie  close  together,  though  their  tips  are  bent  outwards 
and  easily  receive  pollen.  Later,  the  anthers  pass  outwards,  the 
stigmas   lengthen   slightly  and  spread   out,   turning  their  inner 
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surfiBM^es,  which  are  covered  with  long  papillse,  upwards.  An  insect 
visiting  a  young  flower  dusts  itself  with  pollen,  and  also  applies 
pollen  firom  the  same  or  from  another  flower  to  the  tips  of  the 
stigmas;  in  an  older  flower  it  is  likely  to  dust  the  outspread 
stigmas  with  pollen  from  another  flower  ;  in  the  absence  of  insects 
the  stigmas  as  they  curve  outwards  come  in  contact  with  the 
anthers  still  covered  with  pollen. 

Visitors:  A  Diptera — (a)  Syrphidw :  (1)  Rhinj^a  rostrata,  L.,  p.  (May 
10,  1870)  ;  (6)  MuhcuUk  :  (2)  Pollenia  vespillo,  F.  ;  (3)  P.  rudin,  F.,  both 
8.  and  inserting  the  proboscis  three  to  five  times  in  each  flower  (April  17,  1871). 
B.  Hymenoptera — Apidce :  (4)  Apis  mellifica,  L.  ^ , — I  saw  (April  3,  1871) 
the  honey-bee  in  great  numbers  flying  over  a  bare  field  of  C,  seinxdecandrum^ 
sucking  the  tiny  flowers  by  dipping  its  proboscis  once  into  each. 

Ccrastimn  viscosum,  L.,  has  cleistogamic  flowers  (40), 

63.  Malachium  aquaticum,  Fries. — The  flowers  of  this  plant 
are  more  conspicuous  than  those  of  Ceradium  triviale  and  C.  semi- 
decandrum,  but  less  so  than  those  of  C.  arvense  and  Stdlaria 
Holostea ;  in  the  same  intermediate  position  stands  the  amount  of 
its  insect-visits  and  its  floral  arrangement,  which  favours  both  cross- 
and  self-fertilisation.  The  flower  is  proterandrous,  and  in  absence 
of  insects  the  ends  of  its  outspread  stigmas  come  in  contact  with 
the  pollen-covered  anthers.  The  styles  vary  in  number  from  three 
to  five,  the  latter  number  being  most  frequent,  so  that  Malachium 
here  probably  resembles  the  common  ancestors  of  Gerastinm  and 
Stellaria, 

Visitors  :  A.  Diptera—  (a)  Syrphidce:  (1)  Helophilus  lineatus,  F.;  (2)  Eristalis 
arbustorum,  L.  ;  (3)  Syritta  pipiens,  L. ;  (4)  Ascia  podagrica,  F.,  all  ab.,  s. ; 
{b)  Muscidce :  (5)  Anthomyia  sp.,  s.  B.  Coleoptera — Nitidulida :  (6)  Meli- 
gethes,  ab.,  l.h.  C.  Thysanoptera :  (7)  Thrips,  very  freq.  D.  Hymenoptera 
— Apidce :  (8)  Prosopis  communis,  Nyl.  ? ,  s.  ;  (9)  Pr.  hyalinata,  Sm.  ? ,  s.  ; 
(10)  Halictus  sexnotatus,  K.  ^,  s. 

64.  Stellaria  graminea,  L. — The  nectaries  surround  the  bases 
(if  the  five  outer  stamens  as  green,  fleshy  swellings.  The  flowers 
exhibit  three  stages,  which,  however,  merge  one  into  another.  In 
the  first  period,  the  five  outer  stamens  curve  in  towards  the  middle 
of  the  flower,  and  their  anthers  dehisce  widely,  covering  them- 
selves all  round  with  pollen ;  the  inner  stamens  are  meanwhile 
bent  outwards,  and  their  anthers  are  still  closed.  The  styles  are 
not  yet  fully  developed,  and  are  curved  inwards  with  their  papillar 
surfaces  directed  downwards.  The  five  inner  stamens  dehisce 
before  the  other  five  have  withered,  but  still  remain  bent  farther 
outwards ;  this  marks  the  second  stage.      As  these  inner  stamens 
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wither  aud  shrivel  up,  the  styles  rise  up,  and  spread  outwards 
turning  their  papillar  surfaces  upwards,  and  curving  their  enda, 
also  papillar,  outwards  and  downwards  (third  stage).  Every  iusect 
which  is  not  too  small,  whether  it  alights  in  the  middle  of  the 
flower  or  on  one  of  the  petals,  must,  to  reach  the  nectaries, 
come   in   contact   with   pollen  in  younger   flowers    or  with  the 


stigmatic  papillae  in  older  ones.  In  default  of  insect-visits,  the 
stigmas  as  they  continue  to  curve  outwards  come  in  contact  with 
the  pollen-covered  anthers.  Insect-visits  are  scarce,  as  the  incon- 
spicuousness  of  the  flowers  would  lead  us  to  expect.  I  have  only 
once  found  Volaulla  homhylam,  L.  {Syrphidw),  sucking  honey  on 
the  flowers. 
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65.  Stellaria  Holostea,  L. — The  arrangement  of  the  flower 
resembles  that  of  S,  gramineu;  but  the  flowers  are  larger  and 
more  conspicuous,  the  nectaries  are  yellow,  confined  to  the  outer 
side  of  the  outer  stamens,  provided  above  with  a  honey-secreting 
pit,  and  yielding  more  abundant  honey.  The  three  stages  are  more 
clearly  marked  off  than  in  S.  graminea.  In  the  first  stage  the  outer 
stamens,  in  the  second  the  inner  ones,  stand  close  round  the  centre 
of  the  flower,  turning  their  pollen-covered  surfaces  more  or  less 
upwards, — the  other  five  being  in  each  case  bent  out  of  the  way. 
In  the  first  period  the  stigmas  are  bent  inwards  (as  in  1,  Fig.  42). 
in  the  second  they  stand  erect  but  with  their  papillar  sides  turned 
inwards  towards  each  other,  in  the  third  they  are  spread  out  (as  in 
2,  Fig.  42),  while  the  anthers  have  mostly  fallen  off  or  remain  as 
withered  scales  attached  to  the  corolla. 

In  flowers  which  I  kept  in  my  room  liowever,  self-fertilisation 
often  took  place,  for  the  ends  of  the  stigmas,  as  they  spread  out- 
wards, often  came  in  contact  with  the  inner  anthers  still  bear- 
ing their  pollen,  and  moreover  pollen  often  fell  upon  other  parts  of 
the  8tigma»<. 

Visitors  :  A.  Diptera  -  (a)  Empidoi :  (1)  Empis  tesselata,  F.  ;  (2)  E.  opaca, 
F.,  both  frequent^  s.  ;  (b)  Syrpludm :  (3)  Khingia  rostrata,  L.,  ab.,  s.  and  f.p., 
standing  on  a  petal  and  applying  the  proboscis  now  to  the  base  of  the  flower, 
now  to  the  anthers  ;  (4)  Eristalis  arbustonim,  L.,  s.  and  f.p.  ;  (5)  Platycheirus 
peltatns,Mgn.,  do.  ;  (6)  Syrphus  ribesii,  L.,  do.,  ab.  ;  {c)  Muscida :  (7)  Hydro- 
taea  dentipes,  F.,  h.  B.  Hynienoptera — (a)  Apidai :  (8)  Apis  mellifica,  L .  9 , 
ab.  and  persistent,  s.  (May  27,  1871) ;  (9)  Noniada  flavoguttata,  K.  ?  ; 
(10)  N.  ruficornis,  L.  9  ;  (11)  Andreua  cineraria,  L.  ?  ;  (12)  A.  parvula,K.  2, 
the  last  four  s.  ;  (13)  Hal  ictus  cylindricus,  F.  ?,  Ip.  ;  (6)  Tenthredlnidw  ' 
(14)  Cephus  pallipes,  KL,  s.  C.  Coleoptera — (a)  Niiidulida:  (15)  Meli- 
j^'etbes,  ab.,  s.  ;  (/>)  (Fdemeridic :  (16)  (Edemera  virescens,  L.  (Tekl.  B.) 
D.  Lc])ii\oi)teTn-  Rho/xdocera :  (17)  Pieris  napi,  L.,  s.  E.  Thysanoptera — 
(18)  Tlirips,  ab.     See  also  No.  590,  11. 

66.  Stellaria  media,  Vill. — The  flowers  are  less  conspicuous 
than  the  two  preceding  species,  and,  since  they  appear  at  all  times 
of  the  year  except  iu  severe  frost,  they  are  for  a  great  period 
shut  out  from  insect-visits ;  they  therefore  depend  largely  on  self- 
fertilisation.  Accordingly  they  differ  considerably  in  their  arrange- 
ment from  the  former  species.  Of  the  ten  stamens,  there  are 
almost  always  some,  usually  five  to  seven,  abortive ;  and,  on  the 
whole,  I  think  that  the  number  of  abortive  stamens  is  greater  the 
colder  the  time  of  year.  The  five  inner  stamens  are  always  reduced, 
and  often  disappear  completely  ;  the  five  outer  ones,  which  bear  the 
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honey-glands  on  the  outer  side  of  their  bases,  only  show  signs  of 
abortion  when  the  inner  series  are  all  abortive ;  at  most,  two  of 
them  disappear,  but  the  corresponding  glands  always  remain. 

In  sunny  weather  so  much  honey  is  secreted  that  the  five 
drops  are  easily  seen  by  the  naked  eye.  The  stamens,  especially 
when  their  number  has  been  reduced  to  three,  come  to  maturity  in 
slow  succession.  Immediately  after  the  flower  opens,  the  first 
anther  begins  to  dehisce,  and  the  stigmas  still  stand  erect  with  their 
papillar  sides  turned  inwards ;  but  their  tips  are  already  slightly 
outspread.  While  the  second  and  third  stamens  dehisce,  the 
stigmas  expand  fully,  and  turn  the  whole  of  their  papillar  surfaces 
upwards.  So  from  the  beginning  cross-fertilisation  and  self- ferti- 
lisation, in  the  event  of  insect- visits,  are  both  equally  likely ;  in 
absence  of  insects  the  stigmas  regularly  fertilise  themselves  by 
coming  in  contact  with  the  anthers.  This  self-fertilisation  is 
undoubtedly  eflficient,  for  S.  media  produces  abundant  seed  in 
winter  when  no  insects  are  about,  and  in  long-continued  rainy 
weather. 

Stellai^  viedia  has  the  greatest  chance  of  cross-fertilisation  in 
early  spring,  for  before  that  time  no  insects  are  on  the  wing,  and 
afterwards  many  more  attractive  flowers  compete  with  it.  My  own 
observations  confirm  this. 

A.  Hymenoptera — Apidte  ;  (1)  Andrena  Gwynana,  K.  9,8.  and  c.p.  (April 
11, 1869) ;  (2)  A.  albicans,  K <J,  s.  (do.) ;  (3)  A.  dorsata,  K.  ? ,  a.  (do.) ;  (4)  A. 
pan-ula,  K.(J,  s.  (April  21, 1869) ;  (5)  A  albicrus,  K  (J,  s.  (do.)  ;  (6)  OBmia 
rufa,  L.  (J,  8.  (April  17,  1869).  B.  Diptera— (a)  SyrphidcB :  (7)  Syritta 
pipiens,  L.,  s.  (May  27,  1870) ;  (6)  Muscidce :  (8)  Chlorops  circumdata,  Mgn., 
diligently  s.  (March  9,  1872)  ;  (9)  Musca  corvina,  F.,  do.  ;  (10)  M.  domestica, 
L.,  do.  C.  Thysanoptera — (11)  Thrips,  dusted  with  pollen,  creeping  in  and 
out  of  the  flower  (April  30,  1868).     See  also  No.  590,  11. 

Stellaria  cerastoides,  L.,  is  homogamous  and  is  visited  by 
Diptera.     It  fertilises  itself  in  case  of  need  (609). 

67.  Arenaria  (Mcehringia)  trinervia,  L. — At  the  base  of 
the  expanded  flower,  on  the  outer  side  of  the  base  of  each  outer 
stamen,  we  see  a  rather  large  drop  of  honey.  The  fleshy  swellings 
at  the  bases  of  these  stamens,  which  act  as  honey-glands,  are  so 
strongly  developed  and  extend  so  far  on  either  side,  that  they 
coalesce,  and  the  five  together  form  a  ring  round  the  ovary ;  from 
this  ring  the  five  inner  stamens  (which  alternate  with  the  others, 
and  stand  opposite  to  the  petals)  seem  to  spring. 

When  the  flower  opens,  the  stigmas  are  already  separated  and 
turn  their  rough  papillar  surface  upwards,  while  the  anthers  remain 
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closed.  In  the  second  stage,  the  anthers  of  the  outer  and  longer 
stamens  dehisce  ;  in  the  third  stage  those  of  the  inner  and  shorter 
stamens,  the  stigmas  still  remaining  fresh.  The  flowers  are  thus 
proterogynous  with  long-lived  stigmas.  Cross-fertilisation  is  likely 
to  occur  not  only  in  the  first  stage,  but  also  in  the  later  stages,  since 
an  insect  on  alighting  will  j)robably  touch  the  stigmas  before  the 
stamens. 

In  several  cases  I  have  found  the  outer  stamens  so  much 
aborted  as  to  be  scarcely  half  the  length  of  the  inner  series,  and 
bearing  tiny  shrunken  anthers  devoid  of  pollen.  Here  apparently 
the  time  between  the  ripening  of  the  stigmas  and  that  of  the 
stamens  was  lengthened,  and  hence  the  chance  of  cross-fertilisation 
increased.  In  default  of  insect-visits,  self-fertilisation  is  attained  by 
the  stamens  (both  outer  and  inner)  bending  inwards,  still  covered 
with  pollen,  and  coming  in  close  contact  with  the  stigmas. 

I  found  a  small  beetle,  Olibris  afflnis,  Sturm,  one  of  the  PhcUacridce, 
licking  honey  on  this  flower. 

Arenaria  {Mcehringia)  mibscosa,  L.,  is  fertilised  by  Syrphidce 

(609). 

Honkeiieja  (.4mmorfe7im)^epZoidc5,  Ehrh.,  is  .polygamous  (Warm- 
ing, 762). 

Sagina  nodosa,  E.  Meyer,  is  proterandrous  (17,  38)  and  visited 

by  Anthrax  (609). 

The  following  additional  species   are   discussed   in  my  Alpen- 

hluvien: — Arenaria  hijlora,  L. ;  Alsine  recurva,  Whlnb.;  A.vema^ 

Bartling;     Cherleria    sedoides,    L. ;     Cerastium    alpinum,   L.,     C. 

laiifoliu7n,  L. 


REVIEW   OF   THE  ALSINK/E. 

The  foregoing  Alsineae  are  all  more  or  less  dichogamous,  and  are 
mostly  proterandrous  in  various  degrees,  Arenaria  Trinervia  being 
proterogynous.  Dichogamy  is  the  more  marked  the  more  con- 
spicuous the  flowers,  and  the  more  abundant  the  visits  of  insects. 
Self-fertilisation  is  totally  excluded  in  none  of  the  above-mentioned 
forms,  and  is  the  better  insured,  the  more  inconspicuous  the  flowers 
are,  and  the  more  scanty  the  insect-visits  either  from  that  cause  or 
on  account  of  the  unfavourable  time  of  year.  The  insect-visitors  are 
very  various,  on  account  of  the  accessible  position  of  the  honey,  but 
consist  chiefly  of  flies  and  the  less  specialised  bees. 

Most  of  the  above  remarks  hold  good  also  for  the  species  which 
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I  have  observed  on  the  Alps.  Alsine  vema,  Jacq.,  Cherleria  sedoidea, 
L.,  and  Mcehringia  mvscosa,  L.,  are  so  markedly  proterandrous,  that 
spontaneous  self-fertilisation  can  only  rarely  and  exceptionally  take 
place  in  them.  Arenaria  bijlora,  L.,  and  Cerastium  lati/olium,  L., 
also  ripen  their  anthers  before  their  stigmas,  but,  in  default  of 
insect-visits,  fertilise  themselves. 

I  found  Stellaria  cerastoides,  L.,  to  be  horaogamous,  in  which 
respect  it  stands  alone  among  the  higher  Alpine  Alsineae. 

As  bees  are  scarce  in  the  higher  regions  of  the  Alps,  Diptera 
take  their  place  as  cross*fertilisers  of  the  Alsineae  more  than  in  the 
lower  grounds,  and  were  alone  observed  on  several  of  the  above- 
mentioned  species  (609). 

Dr.  T.  Ludwig  of  Greiz  has  recently  made  the  interesting 
discovery  that  most  if  not  all  of  the  distinctly  proterandrous 
Alsineae  are  also  gynodioecious ;  and  that  the  plants  with  small  and 
purely  pistillate  flowers  are  chiefly  in  bloom  at  the  beginning  of  the 
flowering-period  of  the  large -flowered  hermaphrodite  plants.  So 
these  subsidiary  pistillate  plants  make  up  for  the  preponder- 
ance of  the  staminate  condition  in  the  hermaphrodite  flowers  at 
that  time  (426,  427). 


40). 


Ord.  CARYOPHYLLE.E;  c.  POLYCAHl'E.E. 
Polycaiyon  tetraphylluin,  L.,  has  cleistogamic  flowers  (Batalin, 


REVIKW   OF   THE   CARYOPHYLLEJ*:. 


The  Caryophyllece  exhibit  an  interesting  series  of  gradations 
in  the  concealment  of  their  honey,  while  the  anthers  remain 
throughout  fully  exposed ;  a  comparison  of  their  insect- visitors  will 
thus  show  what  effect  differences  in  the  situation  of  the 
honey  produce. 

The  flowers  of  Almiem,  and  the  short  and  wide  flowers  of 
Gypsophila  patiicidata,  which  all  expose  their  honey  freely,  are 
chiefly  frequented  by  flies  and  by  a  few  beetles  and  other  short- 
lipped  insects ;  when  visited  by  bees,  it  is  either  by  the  least 
specialised  forms  (Prosopis,  Hcdictus,  Andrena)  or  by  the  most 
specialised  and  most  diligent  (Apis),  Lychnis  jios-eiw^tiU,  whose 
honey  is  hidden  9  to  10  mm.  deep,  and  beyond  the  reach  of  short- 
lipp^  insects,  is  almost  exclusively  visited  by  highly  specialised 
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bees  and  by  Lepidoptera,  one  drone-fly,  Rhingia,  coming  also  to 
share  the  honey.  The  benefit  which  results  from  and  has  brought 
about  the  lengthening  of  the  tube  in  Lychnis  Jtos-cueuli  Ues  in  the 
fact  that,  by  excluding  short-lipped  insects  from  the  honey,  a  larger 
number  of  insects  with  long  proboscides  are  tempted  to  come,  and 
these,  requiring  more  food,  are  more  diligent  in  their  visits  and  in 
their  work  as  cross-fertilisers.  That  the  exserted  anthers  can  be 
robbed  by  pollen-eating  flies  and  pollen-collecting  bees  is  scarcely 
a  disadvantage ;  for  the  pollen  is  seldom  completely  removed,  and 
these  pollen-seeking  insects  act  as  subordinate  fertilisers. 

When  the  passage  to  the  honey  is  still  further  lengthened  and 
narrowed,  as  in  the  species  of  Dianthus,  Saponaria,  and  Lychnis, 
even  bees  are  excluded  and  Lepidoptera  only  can  gain  access.  For 
this  result  to  be  advantageous  we  must  suppose  that  the  visits  of 
Lepidoptera  are  the  better  insured  by  exclusion  of  other  insects. 
Exposure  of  the  anthers  is  as  little  injurious  here  as  in  Lychnis 
floS'Cuadi.  As  the  honey  gets  more  deeply  concealed,  and  access 
more  strictly  limited  to  butterflies,  we  find  jHtri  passu,  among  the 
Caryo-phylleai  increasing  development  of  sweet  scents,  bright  red 
colours,  fine  markings  round  the  entrance  of  the  flower,  and 
indentations  at  the  circumference.  All  these  characters,  which  are 
so  attractive  to  us,  seem  to  have  been  produced  by  the  similar 

tastes  of  butterflies. 

« 

Ord.  UYFEHWACEjE, 

68.  Hypericum  perforatum,  L. — The  flowers,  from  their  size 
and  bright  colour,  and  from  numerous  plants  being  usually 
associated  together,  are  very  conspicuous,  and  attract  many  insects 
seeking  both  honey  and  pollen ;  they  however  contain  no  honey, 
and  possess  no  contrivances  to  insure  cross-fertilisation.  The 
large  production  of  pollen,  and  the  capability  for  self-fertilisa- 
tion compensate  in  part  for  these  disadvantages.  The  numerous 
stamens,  usually  over  eighty  in  number,  radiate  from  the  bottom 
of  the  flower  in  three  groups,  which  are  united  at  the  base ;  the 
anthers  are  directed  upwards  and  dehisce  in  rather  quick 
centrifugal  succession,  covering  themselves  with  pollen.  The 
three  styles  also  radiate  outwards,  so  that  their  terminal  stigmas, 
which  are  developed  simultaneously  with  the  anthers,  come 
to  stand  on  a  level  with  the  anthers  in  the  intervals  between 
the  groups  of  stamens.  Since  these  staminal  bundles  usually 
touch    one   another,   and   sometimes   interlock   slightly  at    their 
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margins,  the  stigmas  come  into  close  relation  or  even  immediate 
contact  with  the  pollen-covered  anthers.  Insects  alight  as  a  rule 
upon  one  of  the  five  outspread  petals,  and  then  find  that  the 
easiest  course  towards  the  anthers  lies  between  two  groups  of 
stamens;  they  thus  frequently  come  in  contact  in  the  first 
instance  with  a  stigma,  and  may  thus  cause  cross-fertilisation. 
On  the  other  hand,  they  often  come  in  contact  firat  with  some 
of  the  anthers  and  thus  occasion  self-fertilisation.  Later  on,  the 
petals  and  stamens  draw  together  towards  the  axis  of  the  flower, 
thus  bringing  anthers  and  stigmas  in  contact  with  one  another, 
and  insuring  self-fertilisation. 

Although  the  flowers  have  only  pollen  to  offer,  they  attract 
a  good  many  honey-seeking  insects,  which  fly  away  again  after  a 
vain  search  for  honey,  and  after  sometimes  even  boring  into  the 
tissue  at  the  base  of  the  flower.  I  have  noticed  the  following 
insects  on  the  flowers  of  H.  perforatum : — 

A.  Hymenoptera — (a)  ApidoB :  (1)  Bombus  agronim,  F.  9  >  c.p. ;  (2)  B. 
terrestris,  L.  $ ,  c.p. ;  (3)  Saropoda  bimaculata,  Pz.  $ ,  s.  ;  (4)  Andrena  dorsata, 
K.  9 ,  c.p.  ;  (5)  A.  coitana,  K.  ? ,  c.p.  ;  (6)  Nomada  lineola,  Pz.  2  >  s.  ;  (7)  N. 
lateralis,   Pz.    9,8;   (8)   Prosopis  armillata,   Nyl.,   f.p. ;  (6)    Tenthredinida : 

(9)  Tenthredo  sp.,   vainly   seeking  honey.      B.    Diptera — (a)    BombylidcE: 

(10)  ArgyromoBba  sinuata,  Fallen,  vainly  seeking  honey ;  (11)  Bombylius 
cancscens,  Mik.,  s.  ;  (b)  Empidas :  (12)  Empis  livida,  L.,  s.,  the  two  last 
obviously  bored  into  the  base  of  the  flowers ;  (c)  Syrphidce :  (13)  Eristalis 
nemorum,  L.  ;  (14)  K  arbustorum,  L.  ;  (15)  E.  tenax,  L.  ;  (16)  E.  sepulcralis, 
L.  ;  (17)  Syrphus  balteatus,  Deg.  ;  (18)  S.  ribesii,  L.,  all  six  species  very  ab.  ; 
(19)  Helophilus  pendulus,  L.  ;  (20)  H.  triWttatiis,  F.  ;  (21)  Melanostoma 
mellina,  L.  ;  (22)  Melitlireptus  scriptus,  L.  ;  (23)  M.  pictus,  Mgn. ;  (24)  Ascia 
poilagrica,  L.,  all  these  Syrphida?  were  diligently  collecting  pollen.  C.  Lepi- 
doptera — Rhopalocera :  (25)  Hesperia  silvanns,  Esp.  ;  (26)  Satyrus  Janira,  L. 
both  thrust  their  proboscides  to  the  base  of  the  flower,  but  were  obviously 
groping  about  for  honey  and  unable  to  pierce  the  nectariferous  tissue.  D.  Co- 
leoptera — Chrysomelidie :  (27)  Cryptocephalus  sericeus,  L.,  devouring  both 
stamens  and  pollen.    See  also  No.  590, 11. 

Hypericum  tetrapterum,  L.,  is  visited  by  pollen-collecting  bees 
and  pollen-feeding  flies  (590,  il.). 

Hypericum  hirsuium,  L. — The  structure  of  the  flowers  for  the  most 
part  resembles  that  of  H,  perforatum,  but  they  are  smaller  and 
have  far  fewer  stamens,  only  seven  to  nine  in  each  bundle.  The 
plants  bear  fewer  flowers,  and  stand  more  isolated,  which  greatly 
restricts  the  number  of  insect- visitors ;  in  fact,  I  have  never 
succeeded  in  observing  H.  hirsutum  visited  by  any  insect.  The 
bundles  of  stamens,  on  account  of  the  small  number  they  contain, 
are  separated  by  wider  intervals,  in  which  the  styles  pass  outwards 
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without  the  stigmas  ever  coming  iq  coutact  with  the  anthers  in 
an  expanded  flower.  But  when  the  flowers  close  up,  on  fodingi 
self-fertiliaation  alwaj'S  takes  place,  and  seems  to  result  in  foil 
productiveness. 

Hj/perumm  quadrangulum,  L.,  is  intermediate  between  S. 
jurforatum  and  H.  hirsutum  in  regard  to  the  size  of  its  flowers 
and  the  number  of  their  stamens.  Each  flower  contains  between 
fifty  and  sixty  stamens,  in  bundles  consisting  of  from  sixteen 
to  twenty-two.  In  the  expanded  flower,  I  have  never  seen  the 
stigmas  in  immediate  contact  with  the  anthers ;  though  such 
contact  regularly  occurs  ultimately,  when  the  parts  of  the  flower 
draw  towards  the  centre.  The  want  of  symmetry  in  the  petals 
is  noteworthy ;  it  occurs  also  in  other  species  of  ffyperieum,  but 
not  BO  strongly  marked.     E^h  petal  is  more  expanded  on  one 


side  than  on  the  other,  and  the  broader  side  bears  notches  from 
its  apex  to  about  the  middle,  a  black  gland  lying  in  each  notch. 
The  broad  and  glandular  side  is  sometimes  on  the  right  and 
sometimes  on  the  left,  but  is  on  the  same  side  in  all  the  petals 
of  one  flower.  The  flowers  are  visited  by  flies,  which  feed  on  the 
pollen  (590,  II.). 

Sypericum  humifusuni,  L.,  has  smaller  flowers  and  fewer 
stamens  (three  to  five  in  each  group)  than  any  of  our  other 
species.  The  anthers  only  come  in  contact  with  the  stigmas  as 
the  flower  closes  up. 

I  have  observed  no  insects  on  this  species,  or  on  S, 
quadrangulum. 

In  aU  the  above-mentioned  species,  the  grouping  of  the 
stamens  in  three  bundles  and  the  pomtion  of  the  styles  between 
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them  increase  the  chance  of  cross-fertilisation ;  rendering  it  likely 
in  spite  of  the  great  number  of  anthers,  that  an  insect  on  alighting 
will  touch  a  stigma  first,  though  self-fertilisation  is  also  very 
probable.  In  all,  self-fertilisation  occurs  in  default  of  insect- 
visits,  and  is  without  doubt  the  usual  mode  of  reproduction  in 
the  less  conspicuous  forms. 

CrcUoxylon  formosum  has  dimorphic  flowers  (167,  213). 


Obd.  MAEGQUAVIACEJE, 

In  this  order  bracts  secrete  honey  and  make  the  flower 
conspicuous  by  their  bright  colours.  They  have  accordingly 
the  most  various  forms  (spurs,  spathes,  etc.),  and  are  of  as  much 
importance  to  the  plant  as  petals  usually  are,  Delpino  bases  a 
new  subdivision  of  the  order  upon  the  modifications  of  the  bracts. 
Tlie  flowers  are  proterandrous. 

In  Marcgravia  nepenthdcUs  there  occurs  beneath  a  wreath  of 
pendulous  flowers  a  group  of  honey-secreting  cups.  They  attract 
insects,  which  in  turn  attract  insectivorous  birds,  and  these,  while 
feeding  on  the  insects  sitting  upon  the  nectar-cups,  touch  and 
cross-fertilise  the  flowers  above  (56). 

An  interesting  paper  on  Marcgraviaceas  and  their  Nectaries, 
with  fine  figures,  was  contributed  by  Ludwig  Wittmack  to 
K08V108,  vol.  v.,  1879  (784.) 

Ord.  MALVACEAE. 

Malva  silvestris,  L.,  and  M.  rotundifolia,  L. — These 
species  often  occur  together,  and  flower  side  by  side  for  months 
at  a  time.  In  the  struggle  for  existence,  M.  rotundifolia  has  the 
advantage  in  being  content  with  poorer  soil,  in  the  appearance  of 
its  flowers  from  one  to  several  weeks  earlier,  and  in  the  possibility 
of  regular  self-fertilisation ;  M.  silvestris,  on  the  other  hand,  in 
its  more  vigorous  growth,  and  much  greater  attractions  for 
insects.  These  advantages  seem  to  balance .  one  another,  for, 
about  Lippstadt  at  least,  both  species  grow  together  in  equal 
abundance. 

In  both  species,  a  pyramidal  group  of  anthers  occupies  the 
middle  of  the  young  flower,  and  surrounds  the  stigmas  which  are 
still  unripe  and  folded  together ;  later  on,  the  stigmas  become 
exserted  and  radiate  outwards.  Honey  is  secreted  in  five  pits 
between  the  bases  of  the  petals,  and  protected  by  hairs,  and  insects 
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seeking  it  must  wipe  off  pollen  from  the  anthers  in  young  flowers 
and  apply  it  to  the  stigmas  in  older  ones.  In  Malva  silvedris, 
which  attracts  insects  by  the  larger  size  and  brighter  colour  of 
its  flowers,  and  receives  very  numerous  visits,  the  ends  of  the 
filaments,  before  the  stigmas  are  mature,  curl  outwards  so  far 
that  spontaneous  self- fertilisation  is  impossible.  AI.  rotundifolia^ 
whose  much  smaller  and  paler  flowers  attract  few  insects,  regu- 
larly fertilises  itself  in  default  of  insect- visits,  for  its  anthers 
remain  extended  in  such  a  position  as  to  be  touched  by  the 
papillate  sides  of  the  curUng  stigmas.     (Fig.  44,  5). 

The  following  lists  of  insects  which  I  have  observed  dur- 
ing four  summers  upon  the  two  forms,  show  how  great  is  the 
difference  in  this  respect  between  them. 


Fiii.  44. 

\- A.— Malva  $ilve«trU.     1,  essential  orgnns  from  a  bud ;    2,  ditto,  in  tlie  flrat  stage  of  the  flower  ; 
3,  ditto,  between  the  first  and  second  stages  ;  4,  ditto,  in  the  second  stage. 
b.—Malra  rotundi/olia  in  the  act  of  self-fertilisation. 


69.  Malva  silvestris,  L.  : — 

Visitors :  A.  Hymenoptera—  («)  Aj/idoi :  (1)  Apis  mellifica,  L.  5 ,  s.,  very 
ab.  ;  (2)  Bombus  lapidarius,  L.  J ,  ab.  ;  (3)  B.  hortorum,  L  ?  ;  (4)  B.  silvarum 
L.  9;    (5)    B.   agronim,  F.  $  ;    (6)   Cilissa  haemarrhoidalis,   F,  ?  (J,    freq. 
(7)  Andrena  parvuLi,  K.  ^J  ;  (8)  A.  Gwynana,  K.  9  ;  (9)  A.  fulvicrus,  K.  ? 
(10)  Halictiis  inaculatus,  Sm.  9  ;  (11)  H.  albipes,  F.  ?;  (12)  H.  mono,  F.? 
(13)  H.  Smeathnianelluft,  K.  9;  (14)  H.  zonulus,  Sm.  <J  ;  (15)  Nomada  late 
ralia,  Pz.  9  ;  (16)  Osriiia  ajnea,  L.  £;  (17)    Megachile  Willughbiella,  K.  ^. 
(18)  M.  lii^iseca,  K.  (J ;  (19)  Ca^lioxys  simplex,  Nyl.  9  <?  ;  (20)  Chelostoma 
campanulanim,  L.  (J, — all  these  twenty  species  though  always  dusted  with 
pollen,  never  collected  it,  but  came  for  honey  only  ;  (21)  Ch.  nigricome,  Nyl, 
(J  9  >  very  ab.,  both  s.  and  cp.,  this  is  the  only  species  which  1  have  seen 
collecting  the  pollen  ;  (22)  Prosopis  hyalinata,  Sm.  (J ;   (23)    P.  communis, 
Nyl.  (J  9  >   frefl-  ;   (24)  P.   signata,  Schenck,  ^  ;  (25)   P.   pictipes,   Nyl.   ^  j 
(26)  P.  dilatata,  K.  (J,  all  sucking;  (b)  Ichneumonidoe :  (27)  various  species, — 
I  am  unable  to  say  whether  they  succeeded  in  reaching  the  honey.     B.  Diptera 
— (a)  Stratiomyida: :  (28)  SarguB  cuprarius,  L.  (seemed  to  derive  no  advantage 
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from  the  flowers,  though  attracted  by  them  ;  (6)  Syrphida :  (29)  Rhingia 
rostrata,  L,  s.,  ab.  C.  Lepidoptera — (30)  Pieria  rapse,  L.,  s.  D.  Coleoptera — 
(31)  Haltica  fuscicomis,  L.,  in  the  flowers.     See  also  No.  590, 11. 

70.  Malva  rotundifolia,  L.  : — 

Visitors  :  Hymenoptera — Apida :  (1)  Apis  mellifica,  L.  §  ;  (2)  Bombus 
agroruni,  F.  5  J  (3)  Anthophora  quadrimaculata,  F.  (J ;  (4)  Halictus  morio, 
F.  (J,  all  sucking.     See  also  No.  590, 11. 

The  following  observation  shows  that  even  Malva  dlvestris  is 
not  perfectly  adapted  to  its  conditions  of  life.  In  the  afternoon, 
when  the  flowers  begin  to  close,  I  have  very  often  seen  hive-bees 
clambering  up  the  outside  of  the  calyx  of  closed  but  still  fresh 
flowers ;  thrusting  the  proboscis  past  the  sepals,  they  emptied  the 
nectaries  from  outside.  Sometimes  I  have  even  seen  bees,  after 
sucking  several  closed  flowers  in  this  manner,  perform  the  same 
operation  on  the  next  open  flower.  Thus  the  flowers  of  Malva 
silvedris  have  not  suflSciently  secured  their  honey  from  plunder. 

71.  Malva  Alcea,  L. — The  flowers  standing  on  longer  stalks, 
and  expanding  their  rosy  petals  to  a  diameter  of  40  mm., 
are  still  more  conspicuous  than  those  of  Af.  sUvestris,  Self- 
fertilisation  is  obviated  by  the  same  arrangement  as  in  M,  sUvestris, 
and  insect-visits  are  probably  at  least  equally  numerous.  I  have 
only  once,  in  scarcely  favourable  weather,  observed  a  few  specimens 
in  flower  (July  13, 18G8). 

Hymenoptera — Aptdai:  (1)  Apis  melliflca,  L.  5?  very  ab.,  s.,  covering 
itself  with  pollen  ;  (2)  Cilissa  haemorrhoidalis,  F.  ? ,  s  ;  (3)  Halictus 
cylindricus,  F.  $ ,  s.     See  also  No.  590, 11. 

72.  Malva  moschata,  L. — The  flowers  are  as  distinctly  pro- 
terandrous  as  those  of  the  three  foregoing  species.  According  to  a 
sketch  which  I  made  in  1867,  the  ends  of  the  filaments  curve  down- 
wards on  the  withering  of  the  anthers;  the  stigmas  spread  out 
above  them,  apparently  obviating  self-fertilisation.  However,  at 
that  time  I  did  not  pay  particular  attention  to  cases  where  self- 
fertilisation  occurs  in  default  of  insect-visits. 

Visitors :  A.  Hymenoptera — Ap'idce  :  (1)  Apis  mellifica,  L.  $ ,  s. ;  (2)  Che- 
lostoma  nigricome,  L.  ?,  s.  ;  (3)  Andrena  Coitana,  K.  (J,  s.  (Sid.).  B. 
Diptera  Bombylid(e :  (4)  Systoechus  sulfureus,  Mikan  s.  (Sid).  C.  Lepidop- 
tera :  (5)  Hesperia  silvanus,  Esp.,  s. 

Delpino  mentions  Xylocopa  violacea  as  a  visitor  of  the  Malvaceae 
(172).      Dr.  Ogle   says   (631)   that   in    many  Malvaceae    anthers 
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and  stigmas  ripen  together,  and  self-fertilisation  takes  place 
regularly ;  he  says  that  in  these  forms  no  nectaries  are  present, 
since  the  aid  of  insects  is  not  required.  Unfortunately  he  does 
not  name  the  species  to  which  he  refers. 

Anoda  haatata,  Cav. — Hildcbrand  figures  and  describes  the 
proterandrous  flowers.  In  the  first  stage  the  ripe  anthers  are 
erect  and  the  stigmas  are  folded  down,  while  in  the  second  the 
stigmas  project  above  the  anthers  (351). 

Gossypium  herbaceuvi,  L.,  has  floral  and  extra-floral  nectaries. 
It  is  visited  by  Ruby-throated  Humming-birds,  and  by  numerous 
insects  (730). 

AhiUilan,  Giirtn. — My  brother  Fritz  Mtiller  has  performed 
many  experiments  on  this  plant  at  Itajahy,  with  the  following 
results : — 

(1)  All  the  species  of  Almtilon  growing  there,  and  their 
hybrids,  are  barren  (with  perhaps  one  exception)  when  fertilised 
with  their  own  pollen. 

(2)  In  those  species  which  are  unproductive  with  their  own 
pollen,  the  pollen  of  their  near  relations  (the  parent-plants  or 
their  offspring)  is  less  efficient  than  pollen  from  more  distantly 
related  or  unconnected  plants. 

(3)  The  application  of  pollen  from  several  different  species 
gives  a  greater  yield  of  seed  than  pollen  from  a  single  other 
species  only. 

(4)  The  simultaneous  application  of  pollen  of  two  species 
always  .produces  seedlings  of  two  kinds :  not  as  in  the  experi- 
ments of  Koelreuter  and  Gartner  on  other  plants,  where  the 
simultaneous  application  of  two  species  of  pollen  always  produced 
seedlings  of  one  kind  only. 

(5)  Among  hybrids  of  the  genus  Ahutilon,  there  is  more  or 
less  complete  sterility  between  nearly  related;  individuals — between 
parent- plants  and  their  offspring,  between  offspring  of  the  same 
parents,  or  even  between  plants  which  have  only  one  parent  in 
common. 

By  considering  from  a  common  point  of  view  the  diminution 
of  fertility  in  too  close  interbreeding  and  in  the  production  of 
hybrids,  Fritz  Mtiller  arrives  at  the  following  law  : — Every  plant, 
to  produce  vigorous  and  prolific  offspring,  requires  a  certain  degree 
of  difference  between  the  male  and  female  principles  which 
coalesce ;  and  when  this  amount  of  difftTence  is  too  great  or 
too  small,  i.e.,  when  the  parent-plants  are  too  distantly  or  too 
closely  related,  the  productiveness  falls  off".     Further,  the  greater 
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the  amount  of  difference  between  the  sexual  principles  that  is 
requisite  for  full  productiveness  in  a  certain  plant  the  greater 
chance  will  there  be  —  cmteris  paribus — of  that  plant  proving 
fruitful  when  crossed  with  much  more  distant  relatives.  Thus 
species  in  which  individuals  are  quite  sterile  to  their  own  pollen, 
and  more  or  less  unfertile  to  pollen  from  closely  related  indivi- 
duals, will  in  general  be  specially  likely  to  form  hybrids  with  other 
species.   (Compare  Ahutilony  Lobelia^  Passiflora,  Oncidium)  (SS8). 

The  natural  fertilisers  of  AhiUilon  at  Itajahy  are  humming- 
birds, which  perform  their  work  so  diligently  that,  as  we  have 
seen,  the  power  of  reproduction  on  self-fertilisation  has  been 
dispensed  with. 

.   Pavonia    hadata,    Cav.,    has    cleistogamic     flowers     without 
nectaries  (318). 

Goethea  coccinea,  according  to  Delpino,  is  proterogynous  with 
long-lived  stigmas.  The  tetraphyllous  involucre  renders  the 
flower  conspicuous ;  the  honey  is  secreted  in  five  glands  at  the 
base  of  the  urceolate  calyx,  and  is  sheltered  by  the  corolla. 
Delpino  supposes  bees   or   humming-birds   to   be   the   fertilisers 

(i77>  350- 

Obd.  STERCUHACEjE. 

Mdochia  parvifoliciy  H.  B.  and  K.  (Caracas),  is,  according  to 
Ernst,  dimorphic  and  heterostyled  (225). 


Okd.  TILIACE.K 

73.  TiLlA  EUROP^A,  L. — Sprengel  has  fully  described  the 
flower  of  the  lime  :  its  proteraudrous  condition,  which  he 
overlooked,  was  noted  by  Hildebrand  (356). 

The  honey  is  secreted  and  lodged  in  the  hollow  sepals,  and 
is  accessible  to  insects  with  short  proboscides.  The  sepals  and 
petals  are  overtopped  by  the  stamens,  which  are  numerous  and 
curved  outwards ;  and  insects  can  only  alight  on  the  anthers,  or 
on  the  stigmas,  or  in  the  space  between  them.  The  possibility 
of  self-fertilisation  is  almost  excluded  by  the  stamens  remaining 
bent  outwards  to  the  last,  while  the  pistil  occupies  the  axis  of 
the  flower;  only  rarely  is  a  flower  met  with  in  which  an  anther 
has  become  curved  inwards  to  touch  the  stigma.  The  lime,  which 
rarely  produces  seed  in  England,  attracts  great  numbers  of  insects 
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of  various  orders,  by  the  number  and  strong  scent  of  its  flowers 
and  the  accessible  position  of  their  honey. 

A.  Hymeiioptera — (a)  AjndoB :  (!)  Apis  mellifica,  L.  5j8.  (limes  when  in 
flower  are  the  resort  of  thousands  of  bees  in  fine  weather, — I  found  none  with 
pollen  in  their  baskets,  but  all  seemed  to  come  for  honey)  ;  (2)  Boinbus 
agrorum,  F.  ? ,  ab.,  s. ;  (3)  Prosopis,  ab.  ;  (b)  Sphegidae :  (4)  Oxybelus 
uniglumis,  L.,  ab.,  licking  honey.  B.  Diptera— (a)  Syrphidce:  (5)  Eristalis 
nemorum,  L. ;  (6)  E.  arbustoruni,  L.  ;  (7)  E.  sepulcralis,  L.  ;  (8)  E.  tenax, 
L. ;  (9)  Helophilus  floreus,  L.,  all  very  ab.,  now  s.  now  f.p.  ;  (10)  VoluceUa 
pelhicens,  L.  ;  {h)  Musc'tdtv :  (11)  Sarcophaga  camaria,  L.,  s.  ;  (12)  Lucilia 
cornicina,  F.  ;  (13)  Musca  domestica,  L.,  s.  ;  (r)  Talanidce:  (14)  Tabanus 
bovinus,  L.,  s. 

Ord.  LINEjE, 

m 

74.  LiNUM  CATHARTICUM,  L. — The  five  filauients  are  adherent 
by  their  expanded  bases  to  a  fleshy  ring  in  the  base  of  the  flower, 
which  secretes  five  honey-drops  from  as  many  flat  inconspicuous 
glands  on  its  outer  side,  opposite  to  the  stamens :  these  honey- 
drops  enlarge  till  they  reach  the  underlying  sepals.  To  this  fleshy 
ring  the  petals  are  attached,  a  little  above  the  honey-glands,  and 
alternating  with  the  stamens.  The  lower  halves  of  the  petals 
are  in  contact  with  one  another,  but  narrowing  suddenly  at  the 
base  they  leave  a  round  opening  between  each  pair,  immediately 
above  the  honey-gland. 

The  five  anthers  become  mature  at  the  same  time  as  the 
stigmas,  and  stand  on  a  level  with  them.  They  cover  themselves 
all  round  with  pollen,  but  for  a  short  time  after  the  opening 
of  the  flower  they  stand  at  some  distance  from  the  stigmas,  so 
that  self-fertilisation  cannot  take  place.  An  insect  coming  from 
another  flower  and  plunging  its  proboscis  into  the  middle  between 
stigmas  and  anthers  will  eSect  cross-fertilisation,  but  if  it  inserts 
its  proboscis  into  the  flower  outside  the  anthers  these  will  be 
pressed  against  the  stigmas  and  self- fertilisation  will  result. 

If  insect-visits  do  not  occur,  self-fertilisation  takes  place  by 
the  bending  inwards  of  the  stamens.  It  seems  to  be  efiicient ; 
for  every  one  of  the  small,  white,  solitary  flowers,  which  close 
in  the  evening  and  receive  very  few  insect-visits,  produces  a 
capsule  full  of  good  seeds. 

In  spite  of  the  great  abundance  of  the  plant,  I  have  only 
once  seen  two  insects  at  work  upon  its  flowers.;  viz. : — 

(1)  Systcechus  sulphureus,  Mik.  (Bombylidse) ;  (2)  Empis  livida,  L.,  s. 
(Thur.). 

l2 
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75.  LiNUM  usiTATissiMUM,  L. — Tliis  flower  resembles  the 
precediDg  one  in  regard  to  its  honey,  and  to  the  simultaneous 
ripeniog  and  relative  positions  of  anthers  and  stigmas ;  hence  alBO 
in  the  likelihood  of  cross- fertilisation  in  case  of  insect- visits,  and 
in  the  constancy  of  self-fertilisatiou  if  they  fail. 

Hildebrand  has  shown  by  direct  experiment  that  self-fertilisation 
is  efficient. 

The  flowers  are  more  conspicuous  and  therefore  more  visited 
by  insects  than  those  of  L.  aUhartlmm.  Sprengel  observed  a 
humble-bee  on  them ;  I  have  noted  ; — 

A.  Hymen optera—jipirfie .-  (1)  Apis  molHfica,  L.  $,  ah.,  a. ;  (2)  Halietiis 
cyliadricua,  F.  $,  cp.  B.  Lepidoptero— -Voc/iue .-  (3)  PlusU  gamma,  L.,  «, 
See  alHo  No.  590,  11. 


fi— Encntial orauia  nmoveil rcoui  the tl 
6- — S«pal  from  thfi  iDBlde,  vrLUi  n  tln>t»  of 
a,  miner ;  tt.  sli^d ;  n^  iiiM:tJiTy  ;  a',  co 


The  dimorphic  species  of  Linuin  have  been  the  subj.;«-t  .if 
several  important  researches. 

Darwin,  as  early  as  1863,  recorded  dimorphism  in  L.  grandi- 
floram,  Desl,  L.  perenne,  L.,  and  L.  Jtavum,  L.,  and  made 
experiments  on  the  two  first.  In  Limim  grandifiomm  the  short- 
styled  flowers  gave,  on  self- fertilisation,  more  seed  than  the  long- 
styled,  which  remtdned  almost  barren.     Both  proved  to  be  fnr 


PART  in.]  THE  MECHANISMS  OF  FLOWERS.  149 

more  fertile  when  legitimately  fertilised.  As  a  nile  the  pollen- 
grain  failed  to  develop  its  pollen-tube  when  on  the  stigma  of  a 
flower  of  its  own  kind  (157). 

In  Zinum  perenne  illegitimate  pollination  of  the  long-styled 
form  was  quite  unproductive,  and  in  the  short-styled  form  very 
nearly  so ;  in  both  forms,  legitimate  pollination  led  to  full  fertility 
in  three  cases  out  of  four.  Hildebrand  found  that  in  this  species 
short-styled  flowers  were  quite  infertile  with  their  own  pollen, 
with  that  from  another  flower  on  the  same  plant,  or  from  any  other 
short-styled  flower;  but  invariably  fertile  to  pollen  from  a  long- 
styled  flower  (339,  340). 

In  Linum  Lemsii,  Pursh.  {L,  Sibiriaim,  D.C),  according  to 
Planchon,  each  plant  bears  flowers  of  three  kinds,  one  long-styled, 
one  short-styled,  and  one  with  styles  and  stamens  of  equal  length  ; 
that  is  to  say,  it  is  trimarphic,  though  not  in  the  same  sense  that 
Zy thrum  Salicaria  is  so.  Dr.  Friedrich  Alefeld  enumerates  twenty- 
nine  dimorphic  species  of  Linum,  all  natives  of  Europe,  Asia,  or 
North  Africa;  while  all  the  species  from  North  and  South  America 
and  from  the  Cape  are  monomorphic  (i).     (Cf.  Darwin,  167.) 

Radiola  linoides,  D.C.  {R.  7nitlegrana,  Sm.),  is  visited  by  minute 
Diptera  (590,  li.). 

Eryihroxylon  is  dimorphic. 


Ord.  MALPIGHIACEJi:. 

Camarea,  St.  Hil.,  and  Janusia,  A.  Juss.,  according  to  Adr.  de 
Jussieu,  have  cleistogamic  as  well  as  normal  flowers;  Aspicarpa 
vretcs,  Eich.,  occurs  with  only  cleistogamic  flowers  (531);  Gaudi- 
chaudm,  H.  B.  and  K.,  also  is  placed  among  cleistogamic  forms  by 
Kiihn  (399). 

In  Bvnchosia  gmidichavdiana  the  glands  on  the  exterior  of  the 
calyx  seem  not  to  be  protective  in  function.  They  are  visited  by 
various  bees  {Tctrapcdia  and  EpichaHs),  which  in  feeding  on  them 
dust  the  under  surface  of  their  bodies  with  pollen,  with  which  they 
cross-fertilise  other  flowers  (360). 

Ord.    GERANIACEjE, 
Tribe  Gerantece, 

76.  Geranium  palustre,  L.— The  structure  of  this  flower  was 
thoroughly  described  and  figured  by  Sprengel,  who,  however, 
observed  no  insect-visitors.     In  sunshine  the  flowers  expand  their 
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purple  petals  to  a  diameter  of  30  to  40  mm.,  and  turn  towards  the 
sun,  so  that,  being  brightly  illuminated,  they  are  visible  at  a  great 
distance. 

The  darker  lines  which  converge  to  the  centre,  and  the  pale- 
coloured  claws  of  the  petals,  serve  to  direct  insects  towards  the 
honey,  which  is  secreted  by  five  glands  at  the  bases  of  the  outer 
stamens,  and  protected  from  rain  by  hairs  at  the  bases  of-  the 
petals ;  it  is  accessible  to  very  short-lipped  insects.  Insect-visits 
are  so  frequent  that  the  power  of  self-fertilisation  has  become 
completely  lost.  Each  flower  passes  through  three  well-marked 
stages,  in  which  first  the  five  outer  stamens,  next  the  five  inner 
stamens,  and  thirdly,  when  these  have  withered,  the  five  stigmas, 
become  in  turn  ripe  and  stand  up  prominently  in  the  middle  of 
the  flower.  Each  whorl  of  stamens  bends  outwards  as  its  anthers 
wither. 

Near  Lippstadt  this  plant  is  confined  to  a  single  locality, 
and  I  have  only  once  watched  it,  for  about  half  an  hour,  in  a  light 
east  wind  and  changeable  sky  (August  21,  1871).  I  was  convinced 
in  this  short  time  of  the  great  number  of  insects  which  frequent 
the  plant.  Whenever  the  sun  shone  out,  I  found  the  flowers  visited 
by  numerous  flies  and  bees,  especially  species  of  Ilalictus, 

A.  Hymenoptera— ^7>w/cc ;  (1)  Halictus  cylindricus,  F.  ^  ;  (2)  H.  albipes^ 
F.  ^ ;  (3)  H.  flavipes,  F.  ^ ;  (4)  H.  longulu8,  Sm.  ?  ;  (5)  H.  nitidiusculufs 
K^-  ?  cJ  I  (6)  H.  zonuliis,  Sm.  ^  ;  (7)  Andrena  dorsata,  K.  ^  ;  (8)  A.  fulvicnifi, 
K.  ^  ;  (9)  Prosopls  communis,  NyL  ?.  B.  Diptcni — (a)  Syrphidce:  (10) 
Rhingia  roslrata,  L,  ;  (11)  Melithreptus  scriptus,  L.  ;  (12)  Eristalis  tenax,  L.  ; 
(13)  Helophiluspendulus,  L.  ;  (14)  Platycheirus  peltatus,  Mgn.  ;  (b)  Muscidcr  : 
(15)  small  species  of  Anthomyia.  C  Lepid()i)tera — (16)  Pieris  rapa?,  L., 
— all  sucking. 

77.  Geranium  PRATENSE,  L. — This  is  generally  the  most  conspi- 
cuous and  most  abundantly  visited  plant  in  the  meadows  where  it 
grows,  just  as  G,  x)(dudre  is  in  the  marshes.  It  agrees  in  structure 
for  the  most  part  with  the  former  species,  and  like  it  has  lost 
the  power"  of  self- fertilisation.  Hildebrand  gives  (351,  p.  19) 
a  drawing  and  short  description  of  its  markedly  proterandrous 
flowers.  He  has  shown  that,  at  the  time  when  the  anthers  dehisce 
and  are  bent  over  the  stigmas,  these  latter  as  a  rule  are  incapable 
of  fertilisation;  they  become  capable  of  fertilisation  when  the 
anthers  have  diverged  away  from  them,  and  finally  lose  this 
capability  on  the  falling  off  of  the  petals  (342.) 

Visitors:  A  Hymenoptera— .4/)M/fP ;  (1)  Apia  mellifica,  L. 9 ,  very ab.,  s.  ; 
(2)  Osmia  rufa,  L.  ? ,  s.  (May  27,  1868) ;  (3)  Chelostoma  nigricome,  L.  ? ,  s. 
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(Thur.) !  (4)  Slelis  sterritna,  Pz.  ?  (J  (Tliiir.),  a-  i  (5)  Andrena  Coitona,  K.  ^ 
(Shi),  ?  (Tlnir.),  b.  ;  (6)  HalictUB  cylindricud,  F.  J  ;  (7)  H.  nlbipee,  F.  d  ; 
(B)  H.  leucuzouiu«,  K.  $  ;  (9)  H.  loDgulus,  Sm.  ^  ;  (10)  H.  maculatus,  Sm.  ^ 
(Thur.),— fJl  sucking;  (11)  H,  liicidulus,  Sohenck,  S,  c.p. ;  (12)  Proaopis 
liyalinata,  Sm.d.B.  B.  Drpteta—Sifrphidte: (13)  Melithreptiia  pictUK,  Mgn., f.p. 
See  also  Nu.  590, 11. 

78.  Geranilih  pyrenaicum,  L. — The  flowers  are  proter- 
aodroua,  and  regularly  fertilise  themselves  in  default  of  insect- 
visits.  Before  tlie  bud  expands,  all  the  fllaments  have  their  thin 
ends  bent  slightly  outwards. 

As  soon  as  the  flower  opens,  the  five  outer  stamens,  which 
alternate  with  the  petals  and  whicli  bear  at  their  base  the  honey- 
glands,  rise  up  so   that  their  anthers   overtop   the   divisions  of 


the  stigma,  which  are  still  closely  united,  and  each  anther  turns 
that  side  where  dehiscence  is  about  to  take  place  outwards  and 
upwards :  this  whole  surface  becomes  covered  with  pollen.  At  the 
same  time  the  thin  ends  of  the  five  inner  stamens  curve  down- 
wards, so  tliat  their  anthers  which  are  still  closed  are  out  of  the 
way  of  insects,  and  do  not  hinder  them  from  dusting  themselves 
with  pollen.  A  day  later  these  five  inner  stamens  rise  up  and 
dehisce,  so  that  now  the  stigmas  are  surrounded  by  a  circle  of  ten 
anthers,  all  dusted  on  their  outer  sides  with  pollen. 

After  &  day  or  two  more,  the  stigmas  at  last  begin  to  separate 
from  one  another,  and  when  they  do  so,  they  lie  on  a  level  with 
the  anthers.  If  the  pollen  has  not  in  the  meanwhile  been  removed, 
an  insect- visitor  may  now  accomplish  self-fertilisation  as  easily  as 
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cross-fertilisation,  but  if  insect-visits  have  taken  place  to  a  suflBcient 
extent,  the  pollen  is  wholly  removed  before  the  stigmas  separate, 
and  cross-fertilisation  is  the  inevitable  result  of  further  insect- 
visits.  If  insects  do  not  visit  the  flower  at  all,  self- fertilisation 
always  takes  place,  as  the  edges,  at  least,  of  the  recurving  stigmas 
come  in  contact  with  the  pollen,  as  I  have  repeatedly  seen  in  the 
case  of  specimens  flowering  in  ray  room. 

The  fertilisation  of  the  plant  is  therefore  provided  for  under  all 
possible  conditions. 

I  have  not  had  a  direct  opportunity  of  obsemng  this  plant 
fertilised  by  insects ;  but  in  sunny  weather  its  insect- visitors  must 
be  fairly  numerous,  for  Herr  Borgstette,  to  whom  I  am  indebted 
also  for  living  examples  of  the  plant,  sent  mc  the  following  insects 
caught  by  him  on  its  flowers  at  Teklenburg : — 

A.  Hymenoptera— (a)  Apuhp  :  (1)  Andrena  fulvago,  Christ.  ? ,  with  pollen 
of  Greranium  on  its  collecting-haii-s  ;  (2)  A.  Gwynana,  K.  9  (J  ;  (3)  A.  parvuhi, 
K.  ?  ;  (4)  A  dorsata,  K.  ?  ;  (5)  Halictiis  cylindricus,  F.  ?  ;  (6)  H.  inacuhitiiK, 
Sm.  ?  ;  (7)  H.  Smeathmanellus,  K.  ?  ;  (8)  SphecodcH  j^abbus,  L.  ?  ;  (9)  Osiuia 
fiiEica,  Christ,  (bicolor,  Sclirank),  ?  ;  (10)  Chelostoina  nigriconie,  L.  9  ;  (6) 
SphegidcE :  (11)  Ammophila  sabulosa,  L.  ;  {v)  Vespido' :  (12)  Odynerus 
(Hoplopus)  quinquefasciatus,  F.  B.  Diptera — («)  Syrph'u1(r :  (13)  Htdo- 
pliilus  lioreus,  L. ;  (14)  Chrysotoxum  bicinctum,  L.  ;  (15)  Melithreptus 
tceniatUf*,  Mgu.  ;  (16)  M.  pictua,  Mgj^.  ;  (17)  Syrphiis  balteatiis,  Deg.  ;  (18) 
S.  ribesii,  L.  ;  (19)  S.  pyrantri,  L. ;  (20)  Ascia  podagi-ica,  F.  ;  (21)  Rhingia 
rostrata,  L.  ;  (22)  Pelecotoma  tricincta,  Mgn.  ;  {h)  Muscida: :  (23)  Echinomyia 
fera,  L.  ;  (24)  Scatophaga  stercoraria,  L.  C.  Coleoptera — (a)  Dermestidiv  : 
(25)  Byturus  fumatus,  L.  ;  (6)  Cistelidfr :  (26)  Cistela  inuiina,  L.  ;  (c) 
Malacodermaia  :  (27)  Malachiiis  ajneus,  L. 

On  the  Alps  I  found  G.  ^)yrr/?nf?V?«7?i  abundantly  visited  by 
insects,  and  incapable  of  spontaneous  self-fertilisation  (609).  The 
stamens  bent  far  outwards  before  their  anthers  withered,  and  the 
stigmas  did  not  expand  until  all  the  anthers  or  at  least  the  outer 
five  had  fallen  off. 

79.  Geranium  sanguineum,  L.,  in  spite  of  its  flowers  being 
much  more  conspicuous,  agrees  fully  in  the  manner  of  its  fertilisa- 
tion with  G,  pyrenaicum ;  its  conspicuousness  seems  therefore  not 
to  insure  cross-fertilisation  in  any  greater  degree  but  only  to 
compensate  for  its  more  shady  habitat. 

Visitors:  A.  Hymenoptera— (a)  Apidcp :  (1)  Halictiis  macuhitns,  Sm.  9; 
(2)  H.  sexnotatus,  K.  ^  (both  usually  alight  on  a  petal,  and  go  round 
the  flower,  licking  one  nectary  after  another — their  sides  rub  against  the 
anthers  in  young  flowers  and  the  stigmas  in  old  ones, — sometimes  they  alight 
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in  the  middle  of  the  flower)  ;  (h)  Sphegidie  :  (3)  Oxyl>elu8  8p.,  8.  B.  Diptera 
—Syrphida :  (4)  Rhingia  roatrata,  L.,  settles  sometimes  in  the  middle  of  the 
flover,  sometimes  on  a  petal,  and  sucks  all  the  five  drops  of  honey  in 
succession.    See  also  No.  590, 11.,  and  No.  609. 

80.  Geranium  molle,  L. — When  the  flower  opens,  the 
divisions  of  the  stigma  lie  close  together  so  that  their  papillar 
sides  are  hidden.  The  anthers  are  all  closed  and  distant  from  the 
middle  of  the  flower;  the  thin  ends  of  their  filaments  are  bent 
outwards,  the  inner  row  of  stamens  which  stand  opposite  to  the 
petals  being  bent  farther  outwards  than  the  others  which  alternate 
with  the  petals. 

Now  the  outer  stamens  begin,  one  after  the  other,  to  bend 
inwards,  so  as  to  lie  over  the  apex  of  the  stigma,  and  to  dehisce 
there ;  the  flower  is  thus  for  a  time  male  only.  But  even  before 
the  first  five  stamens  Imve  all  dehisced,  the  divisions  of  the  stigma 
begin  to  separate ;  so  that  the  five  anthers  which  lay  over  their 


Flo.  47. — Geranium  molle.  L. 

1—5. — ReprcMluctive  organs  in  successive  stages.  In  2,  the  inner  whor]  of  staiuens  has  been 
removed.  a\  outer  stamens,  alternating  with  the  petals,  and  provided  at  the  base  with  nectaries ;  a', 
inner  whor],  opposite  the  petals,  iK'nt  further  out  than  the  outer  whorl  when  the  flower  opens ; 
9t,  stigma. 

apices  come  to  lie  in  the  angles  between  them,  and  let  some  part 
of  their  pollen  fall  upon  the  stigmatic  papillae. 

While  the  divisions  of  the  stigma  are  expanding  still  more 
widely,  the  inner  anthers,  which  hitherto  were  closed,  begin  to 
curve  inwards  and  to  dehisce.  When  all  the  anthers  have  shed 
their  pollen,  they  lie  partly  in  the  angles,  partly  over  the  ends 
of  the  outspread  stigmas,  and  only  a  little  above  them  ;  so  that 
insects  which  alight  in  the  middle  of  the  flower  touch  anthers  and 
stigmas  at  the  same  time,  and  can  accomplish  self-fertilisation  as 
well  as  cross-fertilisation. 

The  likelihood  of  self-fertilisation  is  thus  greater  in  these 
less  conspicuous  and  therefore  less  visited  flowers  than  in  either 
of  the  two  preceding  species,  since  anthers  and  stigmas  come  into 
immediate  contact  with  one  another  early  in  the  flowering  period. 
The  probability  of  cross-fertilisation  is  in  consequence  so  much  the 
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less,  since  even  with  abundant  insect-visits  the  possibility  of  self- 
fertiUsation  remains  throughout. 

Visitors  :  A.  Diptera — (a)  Syrph'ulce:  (1)  Ascia  podagrica,  F.,  s.,  very  ab.  ; 
(2)  Rhingia  rostrata,  L.,  s. ;  (3)  Helophilus  pendulus,  L.,  freq.,  s.  ;  (4)  S3rritta 
pipiens,  L ,  s.  ;  (b)  Muscidae :  (5)  Scatophaga  merdaria,  F.,  s.  B.  Hymen- 
optera — Apidce :  (6)  Halictus  sp.,  a.  ;  (7)  Andrena  Gwynana,  K.  9 ,  s.  ;  (8) 
Apis  mellifica,  L.  §  (I  saw  the  hive-bee  once  (June  10,  1871),  in  a  spot 
where  G,  molle  and  G.  pusillum  were  growing  together,  dip  its  tongue  into 
some  flowers  of  G>  molle,  but  abandon  it  immediately  for  Glechonia. — I 
mention  this  apparently  trivial  circumstance  because  it  shows  (1)  that 
G,  molle  with  its  larger  and  darker  flowers  is  preferred  by  an  insect  which  has 
to  choose  between  it  and  G.  pusillum,  and  (2)  that  even  G.  molle  has  not 
fmfiicicnt  attractions  to  win  the  services  of  the  hive-bees.     See  also  No,  590,  11. 

81.  Geranium  pusillum,  L. — Although  on  superficial  exa- 
mination very  easily  confused  with  G,  molle,  G.  jncsillum  differs 
considerably  from  that  species  in  the  structure  of  its  flower. 

Only  the  five  stamens  which  alternate  with  the  petals  bear 
anthers,  and  these  stamens  are  provided  at  their  base  with  honey 


Fio.  48. — Otranium  puriUum^  Jj. 
Es^entiftl  organs  of  a  flower  which  is  Jost  opening,  seen  from  above.    t<,  stigina ;  a,  author. 

glands.  When  the  flower  opens,  the  stamens  are  all  erect  and 
closely  applied  to  the  pistil.  The  five  divisions  of  the  stigma  are 
spread  out  for  half  their  length,  their  papillar  surfaces  are  turned 
upwards,  and  the  anthers,  which  are  still  closed,  lie  a  little  below 
the  stigmas  in  the  angles  between  them.  The  flower  therefore  is 
as  yet  female  only,  and  can  only  be  fertilised  through  insect-agency 
by  pollen  from  older  flowers. 

Soon  after  this,  the  anthers  dehisce,  covering  themselves  on 
both  sides  with  viscid  pollen-grains,  and  the  stigmas  spread  still 
further  apart,  so  that  the  anthers  come  to  lie  in  the  angles  between 
them  and  dust  the  papilhe  on  their  edges  with  pollen.  The  flower 
is  now  as  much  male  as  female.  It  can  be  fertilised  more  easily 
with  other  pollen  than  with  its  own  in  case  of  insect-visits,  but  it 
has  already  begun  to  fertilise  itself. 

At  length  the  divisions  of  the  stigma  are  fully  outspread  ; 
while  the  ends  of  the  filaments  bend  towards  the  middle  of  the 
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flower,  so  that  the  anthers,  still  dusted  with  pollen,  are  closely 
pressed  together,  and  lie  over  the  stigmas ;  they  must  therefore  be 
touched  before  the  stigmas  by  an  insect  alighting  in  the  middle  of 
the  flower.  In  this  stage  the  flowers  are  adapted  for  dusting  the 
bellies  of  insect-visitors  with  pollen  for  the  fertilisation  of  other 
flowers ;  but  their  own  stigmas  are  more  easily  reached  by  their  own 
than  by  other  pollen. 

The  anthers  now  easily  fall  off,  and  one  often  finds  the  older 
flowers  without  anthers,  but  with  five  fully  outspread  stigmas. 
These  flowers  are  therefore  again  female  only,  but  their  stigmas 
have  already  come  in  contact  with  their  own  pollen,  though  they 
may  still  be  fruitful  with  that  from  younger  flowers. 

If  we  compare  the  flowers  of  G.  piisillicm  with  those  of  its 
near  ally  G,  molle,  with  which  it  grows  in  company,  and  blooms  at 
the  same  time,  we  see  that  the  former  are  smaller  and  paler,  and 
are  accordingly  more  rarely  visited  by  insects.  In  each  case, 
however,  the  regular  occurrence  of  self-fertilisation  compensates 
for  the  great  uncertainty  of  cross-fertilisation;  and  further,  the 
very  early  development  of  the  stigmas  enables  the  rare  insect  visits 
to  be  made  full  use  of  when  they  do  occur.  Finally,  the  more 
rapid  development  of  the  flower  permits  the  number  of  anthers  to 
be  reduced  to  one-half. 

In  spite  of  frequent  watching,  I  have  only  noticed  the  flowers 
of  G.  pusillum  to  be  visited  by  one  insect,  a  small  gnat,  Asda 
podagrica,  F.,  but  by  that  on  several  occasions.  It  settled  in  the 
middle  of  the  flower  and  sucked  honey  from  it.  See  also  No. 
590,  II. 


REVIEW   OF   THE  PRECEDING   SPECIES   OF   GERANIUM. 

If  we  exclude  G,  sanguineum,  which  grows  in  more  shady 
spots,  and  arrange  the  other  species  according  to  the  size  and 
conspicuousness  of  their  flowers,  we  get  a  series  as  follows : 
(X)  G.  palustre  and  G.  pratcnse ;  (2)  G,  pyrenaicum  ;  (3)  G,  molle ; 
(4)  G,  pusillum.  We  get  practically  the  same  series  if  we  arrange 
these  species  according  to  the  decreasing  chance  of  cross-ferti- 
lisation in  case  of  insect-visits ;  and  so  also  if  we  take  them 
accordincr  to  the  increasinof  likelihood  of  self- fertilisation  in 
default  of  insect-visits.  For  (1)  in  G.  pratense  and  G.  pahistre, 
self-fertilisation  never  takes  place  in  the  ordinary  flowers,^  while 

*  I  say  "  in  the  ordinary  flowers,"  because  it  is  possible,  and  even  probable,  that 
homogamic  flowers  occur,  as  Axell  has  shown  in  the  case  of  0.  silvatinnn. 
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cross-fertilisation  is  thoroughly  insured  through  the  separation  of 
the  sexual  products  both  in  time  and  space ;  (2)  in  G.  pyrcnaicum, 
self-fertilisation  never  takes  place  in  the  earlier  period,  but  it  takes 
place  regularly  though  not  abundantly  towards  the  end  of  the 
flowering  period  if  insect-visits  do  not  occur, — cross-fertilisation  is 
insured,  as  in  the  two  preceding  species,  if  insect-visits  occur  early, 
but  if  they  are  delayed  till  the  second  stage  they  result  more  easily 
than  in  the  other  two  species  in  self-fertilisation  also;  (3)  in 
G.  inolle,  even  if  insect-visits  occur  early  and  abundantly,  self- 
fertilisation  is  not  excluded ;  and  it  takes  place  to  a  greater  extent 
than  in  the  former  species  long  before  the  flowering  period  ends,  if 
insect-visits  do  not  occur, — though  self-fertilisation  is  at  no  time 
excluded,  cross-feiiilisation  is  favoured  in  case  of  insect-visits,  by 
the  position  of  the  reproductive  organs  in  both  stages  of  the 
flower;  (4)  in  G,pnsillum,  self-fertilisation  takes  place  abundantly 
in  every  case  before  the  end  of  flowering,  but  if  insect-visits 
take  place  in  time,  the  stigma,  which  is  developed  before  the 
anthers,  receives  pollen  from  outside  before  self-fertilisation  can 
take  place,  and  when  pollen  of  the  same  flower  is  afterwards 
applied  to  the  stigma  it  is  probably  rendered  useless  by  the 
"prepotency"  of  the  other:  if  insect- visits  are  delayed  till  a  later 
period,  so  that  pollen  from  outside  is  brought  only  to  a  stigma 
already  laden  with  pollen  of  its  own  flower,  we  may  still  suppose 
that  the  former  outstrips  the  latter. 

Thus  in  these  Geraniums  we  see  clearly  how,  as  the  number  of 
insect-visits  diminishes  with  the  ccnspicuousness  of  the  flower,  the 
plant  makes  amends  by  an  increasing  likelihood  of  self-fertilisation 
for  the  diminished  chance  of  cross-fertilisation. 


Geranmm  dissedum,  L. — The  manner  of  fertilisation  is  similar 
to  that  of  G.  pnsillum,  but  the  flower  has  ten  anthers.  When 
it  opens,  the  stigmas  already  stand  widely  outspread,  and 
the  anthers  which  stand  close  around  them  are  still  closed  and 
dehisce  gradually  one  after  another,  dusting  the  stigmas  with 
pollen.  I  have  seen  it  visited  by  flies  and  by  Andrena.  (vide 
No.  590,  II.  p.  217). 

82.  Geranium  robertianum,  L. — WTien  the  flower  opens, 
the  five  stigmas  are  folded  close  together ;  the  five  outer  stamens 
stand  close  round  them,  in  the  middle  of  the  flower,  and  their 
anthers,  which  project  a  little  above  the  stigmas,  dehisce,  covering 
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their  upper  surfaces  with  pollen.  The  five  inner  stamens  are  still 
bent  outwards  as  far  as  possible,  so  as  to  lie  upon  the  petals  and 
be  out  of  the  way  of  insects  which  alight  on  the  flower.  Before 
the  period  of  the  outer  stamens  is  over,  the  stigmas  separate  and 
expand,  so  that  their  papillar  surfaces  which  were  hidden  before 
are  now  fully  exposed  in  the  middle  of  the  flower. 

As  the  outer  stamens  wither,  the  five  inner  ones  rise  up  to 
surround  the  style,  which  lengthens  meanwhile,  so  that  its  five 
stigmas  stand  a  little  way  above  the  circle  of  pollen-covered 
anthers. 

Honey  is  secreted,  as  in  all  our  Geraniums,  by  the  outer  side  of 
the  base  of  each  outer  stamen,  and  is  collected  in  a  slight  hollow  at 
the  base  of  each  sepal :  it  may  be  reached  by  means  of  a  proboscis 
at  least  7  mm.  long,  without  which  the  insect  must  thrust  its  head 
into  the  narrow  part  of  the  flower.  I  have  seen  Rhingia  rostrata 
in  great  abundance,  sucking  up  the  five  honey-drops  one  after 
another  with  its  proboscis,  which  is  11  to  12  mm.  long  ;  it  stood 
first  on  one  petal,  then  on  another,  and  in  older  flowers  its  proboscis 
touched  first  the  stigmas  and  then  the  ripe  anthers,  in  younger  ones 
the  ripe  anthers  only.  It  effected  cross-fertilisation  regularly,  but 
at  times,  in  drawing  out  its  proboscis,  it  must  also  have  effected 
self-fertilisation.  I  have  quite  as  often  found  this  fly  busy  eating 
pollen.     I  have  noted,  in  all,  the  following  visitors  : — 

A.  Dipteni — SyrphUla' :  (1)  Rhiiij^ia  rostraUi,  L.,  s.  ftiul  f.p.,  ab.  B.  Cole- 
(>ptera--(2)  Diusytes  flavipes,  F.,  sucking  and  biting  the  pctols.  C.  Lepid- 
optera-  (3)  Pieri.s  napi,  L.,  very  ab.,  s.  (Stroniberg,  May  15,  18G8).  See  also 
No.  590,  II. 

Cross-fertilisation  is  here  insured,  at  first  by  the  early  develop- 
ment of  the  outer  stamens,  and  afterwards  by  the  position  of  the 
mature  stigmas  above  the  level  of  the  antliers  ;  but  self- fertilisation 
is  not  absolutely  excluded.  I  have  not  included  this  species  in 
the  foregoing  series,  because  I  have  not  yet  made  sure  whether 
self-fertilisation  does  result  in  default  of  insect-visits. 

Gcraniuvi  silvaticum,  L.,  is  not  only  widely  distributed  in 
Low  Germany  and  in  Britain,  but  occurs  also  in  the  Alps,  where  it 
extends  to  far  above  the  limit  of  trees  and  is  one  of  the  most 
abundantly  visited  plants.  I  have  found  upon  its  flowers: — 
Coleoptera,  8 ;  Diptera,  21 ;  Hymenoptera,  24  (Apid©,  17)  ;  Lepid- 
optera,  21 :  in  all,  74  species. 

This  plant  is  historically  interesting,  since  it  suggested  to 
Sprengcl  the  first  idea  of  his  theory.  It  is  also  remarkable  for 
being  gyiiodiceci<ms,  and   for  exhibiting  transitions  both  towards 
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hoDiogamy  and  towards  dicBcism  (609).  (List  of  visitors  in  Low 
Germany,  590  11.  p.  218. 

Geranium  pJuEum,  L.,  is  proterandroua.  The  two  whorls  of 
stamens  develop  in  succession,  and  the  stigmas  do  not  cicpand 
until  the  stamens  iiave  again  bent  outwards.  The  flowers  arc 
visited  for  their  honey  by  humble-bees  and  by  the  hive-bee 
(229,  665). 

Geranium  macrm-hi^on,  L.,  is  proterandrous,  nnd  the  earlier 
flowers  are  female  only.  The  same  is  true  of  several  species 
of  I'elargonimii  (356,  p.  479). 

83.  Erodiuu  cicutarium,  L'Hi5rit. — The  honey  is  secreted 
and  stored  as  in  all  our  other  Geraniums;  the  five  outer  anthers 
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only  are  fertile,  as  in  G.  puMllum.  As  in  other  tieraniunis  the 
flowers  turn  towards  the  sun,  rendering  tliemselves  conspicuous,  in 
spite  of  their  short  stalks,  among  all  the  other  flowers  of  the  bare, 
sunny  slopes  where  they  chiefly  grow. 

While   in   the   species  of  Geranium,  the   flowers  though  set 
obliquely  are  quite  regular,  here  there  is   a   distinct  differenci' 
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between  the  upper  and  lower  petals,  the  (two,  rarely  three)  upper 
ones  bearing  "  path-finders  "  in  the  form  of  fine  black  lines,  the 
(three,  rarely  two)  lower  ones  being  elongated  to  form  convenient 
alighting-places. 

The  flow^ers  are  distinctly  proterandrous,  so  that  cross-fertilisa- 
tion never  fails  if  insect-visits  take  place  in  time :  if  they  do  not 
take  place,  then  the  flower  is  regularly  self-fertilised. 

I  have  only  noted  the  following  visitors : — 

A.  Hymenoptera — Apidce :  (1)  Apis  inelliiica,  L.  9»  **•  *^^d  e  p.,  ab. 
(Sprengel  found  hive-bees  and  liumble-beeB  collecting  pollen).  B.  Cole- 
optera — (2)  Coccinella  septempunctata,  L.,  licking  honey. 

The  awkwjird  way  in  which  this  beetle,  which  is  not  fitted  to 
feed  on  flowers,  obtained  the  honey,  was  too  amusing  to  pass  by 
without  notice.  While  seated  on  a  petal,  it  applied  its  mouth  to 
one  of  the  nectaries  at  the  base  thereof ;  while  so  doing,  the  petal 
usually  broke  off,  and  the  beetle  was  left  clinging  to  the  next  petal, 
or  fell  with  its  own  to  the  ground.  In  the  former  case  it  kept  on 
its  way  round  the  flower,  and  frequently  pulled  off  all  five  petals, 
one  after  another ;  but  when  it  fell  it  was  always  at  once  on  its 
legs  again,  running  to  another  stalk  of  the  same  plant  to  climb  up 
anew.  I  saw  one  beetle  fall  four  times  to  the  ground  without 
growing  wiser  by  experience. 

Ludwig  has  published  more  comprehensive  researches  on  the 
mechanism  of  fertilisation  in  Erodium  (433,  434,  438). 

Tribe  Felarganicr. 

Some  general  remarks  on  the  structure  of  the  flower  in 
Tropwolum  are  given  by  Delpino  (172);  the  structure  in  T, 
majus,  L.,  was  thoroughly  described  by  Sprengel,  who  noted  its 
proterandrous  condition 

Tribe  Oxalidece. 

Hildebrand  has  investigated  all  the  species  of  Oxalis  in  the 
Botanic  Gardens  of  Berlin  and  Bonn,  in  the  Royal  Herbarium  of 
Berlin,  the  Munich  Herbarium,  and  the  collections  of  Treviranus, 
A.  Braun,  and  Selmeyer.  He  distinguishes  twenty  trimoi-phic 
species,  whose  different  forms  were  in  many  cases  looked  upon  as 
distinct  species  previously;  fifty-one  species  possess  two  forms, 
and  thirty  have  one  only.  Our  three  native  species,  0.  acetosclla,  L  , 
0.  stricta,  L.,  and  0,  corniculatOj  L ,  arc  shown  to  be  mono- 
morphic  (348). 
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Experiments  on  artificial  pollination  and  the  growth  of  the 
resulting  seeds,  which  Hildebrand  afterwards  instituted  with  two 
trimorphic  species,  0,  Valdiviana  and  0.  Regnclliy  Miquel,  led  to 
results  similar  to  those  of  Darwin  in  the  case  of  Lythntm  Salicaria. 
They  showed  (1)  that  productiveness  is  greatest,  or  exists  only, 
after  legitimate  fertilisation  ;  (2)  that  both  parent-plants  influence 
the  form  of  the  oflFspring ;  (3)  that  pollen-grains  from  stamens  of 
equal  length  are  of  the  same  size,  and  diminish  from  the  tallest  to 
the  shortest  anthers. 

Hildebrand  gives  a  figure  of  the  trimophic  flowers  of  Chxilin 
gracilis,  Jacq.  (348).  H.  v.  Mohl  has  described  the  cleistogamic 
flowers  of  0.  acetosella  (531). 

Tribe  Balsamifieoe, 

Impaticns  Balsamina,  Tilo. — In  younger  flowers  the  anthers  lie 
upon  the  still  closed  stigmas,  and  dust  their  pollen  upon  the  backs 
of  insects  (bees)  which  dip  their  proboscides into  the  spur;  in  older 
flowers,  when  the  crown  of  anthers  has  withered,  the  outspread 
stigmas  come  in  contact  with  the  same  parts  of  the  bee. 

H.  V.  Mohl  has  described  cleistogamic  flowers  in  Iinpaticn.^ 
Noli-mc-tangere,  L.,  and  in  North  American  species  (531). 

On  cleistogamy  in  Impaticns  fulva,  Nutt,  see  M.  A.  Loclie 
(417);  on  cleistogamy  in  both  species,  see  Bennett  (72,  79). 
Impaticns  parvijlora,  D.C.,  according  to  Bennett,  never  produces 
cleistogamic  flowers,  but  according  to  Henslow  it  is  liable  to 
spontaneous  self- fertilisation. 

North  American  species  of  Impaticns  are  visited  by  hu mining- 
birds  (164). 

Ord.  RUTACE.E, 

84.  RUTA  GRAVEOLENS,  L. — The  most  prominent  features  of 
the  flower  have  been  described  by  Sprengel. 

A  fleshy  disc  situated  beneath  the  ovary  secretes  honey  in 
eight  to  ten  glands  upon  the  bases  of  the  stamens,  sometimes  in 
larger  glands  between  these,  besides  producing  small  drops  over  its 
whole  surface ;  the  honey  lies  quite  exposed  and  freely  accessible. 
The  strong  scent  and  the  greenish-yellow  colour  of  the  flowers 
seem  able  to  attract  only  Hymenoptera  and  Diptera,  the  latter  in 
very  great  numbers.  The  stamens,  when  the  flower  opens,  lie 
two  in  each  of  the  petals,  which  are  hood-shaped  and  spread  out 
liorizontally.  According  to  Sprengel,  two  stiimens  on  opposite 
sides  of  the  flower  rise  up  simultaneously,  bending  inwards  so  that 
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their  anthers  now  covered  with  pollen  come  to  lie  above  the  ovary 
in  the  middle  of  the  flower  ;  as  they  wither  they  bend  back  again, 
and  two  others  take  their  place.  The  stigma  only  ripens  after  all 
the  stamens  have  withered,  so  that  all  possibility  of  self-fertilisation 
is  excluded. 

My  own  observations,  made  upon  plants  flowering  in  my  room, 
difler  from  Sprengel's  in  several  points.  In  all  the  flowers  which 
I  examined,  the  stamens  rose  up  not  in  pairs  but  singly,  and 
each  was  joined  by  its  successor  a  short  time  before  it  withered 
and  fell  back  ;  so  that  when  two  were  erect  at  the  same  time,  one 
of  them  was  at  the  close  the  other  at  the  commencement  of  its 
period.  After  all  the  stamens  have  bent  back  the  stigma  ripens, 
but  before  it  withers  the  stamens  rise  up  again ;  and  if,  through 
lack  of  insect-visitors,  they  still  retain  a  stock  of  pollen,  they  shed 
some  of  it  upon  the  stigma.  So  Treviranus'  assertion  that  the 
approach  of  the  stamens  to  the  stigma  takes  place  for  the  purpose 
of  self-fertilisation  is  not  quite  groundless ;  but  such  self-fertilisa- 
tion takes  place  only  when  the  flowering  time  is  passing  away 
without  insect-visits  having  taken  place. 

The  whole  arrangement  of  the  flower  greatly  resembles  that  of 
Parnasida,  In  both  we  have  fully  exposed  honey  and  successive 
development  of  the  stamens  and  then  of  the  stigma ;  in  both  the 
conveyance  of  pollen  is  insured  by  the  centre  of  the  flower,  where 
an  insect  is  most  likely  to  alight,  being  occupied  successively  by  a 
pollen-covered  anther  and  a  mature  stigma ;  both  are  visited  by 
many  Diptera  and  Hymenoptera.  But  while  the  white  flowers  of 
Pamassia  are  visited  by  beetles,  the  yellowish  flowers  .of  Ruia  are 
altogether  avoided  by  them. 

Visitors:  A.  Diptera— (a)  Straiiomyidce :  (1)  Sargus  cuprarius,  L.  ;  (b) 
Syrph'idoB :  (2)  Syrplius  ribesii,  L.,  ab. ;  (3)  S.  nitidicollis,  Mgn.  ;  (4)  Meli- 
threptiis  pictus,  Mgn.  ;  (5)  Ascia  podagrica,  F.  ;  (6)  Eristalis  sepulcralis,  L.  ; 
(7)  Helophilus  floreus,  L.  ;  (8)  Syritta  pipiens,  L.,  very  ab., — all  mainly 
sucking,  but  sometimes  also  eating  pollen ;  similarly  (c)  Muscidce :  (9) 
Lucilia  silvarum,  Mgn.  ;  (10)  L.  cornicina,  F.  ;  (11)  Sarcophaga  camaria,  L.  ; 
(12)  S.  haemarrhoa,  Mgn.  ;  (13)  S.  albiceps,  Mgn.  ;  (14)  Calliphora  erythro- 
cepliala,  Mgn.  ;  (15)  Pollenia  rudis,  Mgn.  ;  (16)  Sepsis  ;  (17)  Anthomyia 
radicum,  L.,  very  ab.  ;  (18)  A.  obelisca,  Mgn.  ;  (19)  A.  pratensis,  Mgn.,  (the 
last  three  species  were  determined  for  me  by  Herr  Winnertz).  B.  Hymen- 
optera—(«)  EvamadiE :  (20)  Focnus  affectator,  F. ;  (21)  F.  jaculator,  F.  ; 
(6)  Ichneumon  id(P :  (22)  various  species;  (c)  Chrysidce :  (23)  Chrysis  ignita, 
L.  ;  {d)  Sphegidiv :  (24)  Crabro  elongatulus,  v.  d.  L.  ?  ;  (25)  Oxybelus  bellus, 
Dlb.  ;  (26)  Trypoxylon  figulus,  L.  ;  (27)  Rbopalum  clavipes,  L.  ;  (28)  Agenia 
punctum,  F.  cJ  ;  (29)  Tiphia  minuta,  v.  d.  L.  ^  ;  (e)  Vettpido! :  (30)  Odynerus 

M 
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parietiim,  L.  9  ;  (/)  Aptda :  (31)  Halictus  Rexnotatus,  K.  9  ;  (32)  Prosopis 
fiinuata,  Schenk,  ? ,  freq,  ;  (33)  Apis  mellifica,  L.  9 , — all  the  Hyinenoptera 
only  sucking.    See  also  No.  590, 11. 

Didamnus,  L.,  is  visited  by  humble-bees,  whose  ventral  surfaces 
come  in  contact  with  the  reproductive  organs  of  the  flower.  In 
the  first  stage  the  style  lies  hidden  among  the  stamens,  in  the 
second  it  is  bent  outwards  with  its  mature  stigma  (178,  360, 
p.  658). 

Correa,  Sm.,  is  proterandrous,  according  to  Delpino  (178, 
p.  170). 


Ord.  CELASTRINE.E. 

85.  EuoNYMUS  EUROPJSA,  L. — The  honey  is  secreted  by  a 
fleshy  disc  surrounding  the  style,  and  lies  in  so  thin  a  layer  that 
it  can  only  be  attractive  to  short-lipped  insects.  The  dull  yellow 
colour  of  the  flowers  moreover  excludes  those  insects  which  are 
enticed  only  by  bright  colours.  Like  other  flowers  of  the  same 
colour,  these  are  visited  only  by  Diptera  and  Hymenoptera,  and 
especially  by  the  former ;  the  flies  run  irregularly  over  the  flowers, 
attacking  the  honey-covered  surface,  now  here  now  there,  with  their 
outspread  *  end-flaps '  {Idbcllce),  and  in  consequence  touching  anthers 
and  stigmas  now  with  one  part  of  their  bodies,  now  with  another. 
In  such  circumstances  the  flowers  could  only  attain  regular  cross- 
fertilisation  by  separation  of  the  sexual  organs,  either  in  time  or 
space.  Both  separations  have  in  fact  taken  place,  and  self- 
fertilisation,*  which  had  become  unnecessary  owing  to  the  abundant 
insect-visits,  has  finally  become  impossible. 

The  four  anthers  stand  at  a  distance  from  the  stigma  upon 
stiflf  filaments,  and  dehisce  directly  outwards,  while  the  stigma  is 
still  immature  and  its  lobes  remain  tightly  closed.  These  only 
separate  several  days  later,  and  again  close  up  after  fertilisation. 
Thus  self-fertilisation  cannot  take  place  without  the  aid  of  insects  ; 
and  with  their  aid  only  if  the  earlier  days  of  flowering  have  passed 
by  without  the  flower  being  visited  (cf.  Delpino,  i  yj). 

E.  europcca  is  polygamous  according  to  Darwin  (167). 

Visitors :  A.  Diptera — (a)  Syrphitfa: :  (1)  Eristalis  t<?nax,  L.  ;  (2)  Helo- 
philus  floreus,  L.  ;  (3)  Syrphiis  ribesii,  L.  ;  (4)  Syritta  pipiens,  L.  ;  (5)  Xantho- 
gramma  citrofasciata,  Deg.  all  sucking  ;  (6)  Muscida- :  (6)  Musca  domosti<a, 
L.  ;  (7)  C-alliphora  vomitoria,  L.  ;  (8)  Sarcophaga  carnaria,  L.,  very  al).  : 
(})')  Sratopliaga  sterroraria,  L.  ;  (10;  Lucilia  comicina,  F. ;  (r)  B'lhiouUhv :  (11 
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Bibio  hortnlauuB,  L.,  all  sucking ;  (12) 


opteni — Formlcida:  (13)  Formica  sp.  Spider 
flowers  to  catch  the  numerous  fliea.  I  eaw  : 
capture  a  Ssrcopliaga  c 


11  midgeH.  B.  HTineii- 
weave  their  nebs  about  these 
species  of  Veipa  alight  and 


Ord.  RMAMNEM. 

PaliuTM  arulmtus.  Lam.,  is  distinctly  proterandrous,  according 
to  Delpino.  The  stamens  are  at  first  erect  or  inclined  slightly 
inwards,  but  bend  backwards  when  the  stigmas  develop.  Tho 
fertilisers  are  probably  flies  of  moderate  or  large  size  (177). 


— Yniing  floirer.  from  «I»t 
—Ditto,  HdM  rfinii¥«l  of  t 
—Older  flD««r,  front  mbnve 
H|>il ;  f,  petil :  a.  uitlieT 


86.  Rhamnds  Frangula,  L.— The  receptacle  foi-ms  a  hemi- 
spherical, fleshy  disc,  which  secretes  and  contains  the  honey. 
It  is  produced  at  its  margin  into  five  triangular  white  calycine 
lobes,  which  are  directed  obliquely  outwards  in  the  flowering 
period.  Between  these  sepaline  lobes,  there  occur  on  the  margin 
of  the  receptacle  five  small  while  bi-lobed  petals;  close  below 
them,  and  half  surrounded  by  them  are  Ave  stamens,  which  are 
inclined  inwards,  and  deliisce  introrsoly. 
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From  the  base  of  the  flower  rises  the  ovaxy ;  whose  short  style 
is  terminated  by  a  bi-lobed  stigma  below  the  level  of  the  stamens. 
When  the  anthers  dehisce,  the  stigmatic  lobes  are  still  small,  and 
probably  incapable  of  fertilisation,  but  when  the  stamens  wither, 
they  are  four  times  as  large  as  at  the  commencement  of  flowering 
(Fig.  50).  The  flowers  are  thus  proterandrous.  An  insect  sucking 
thje  honey  must  touch  the  stamens  with  one  side  of  its  head  or 
proboscis,  and  the  stigma  with  the  other;  in  this  case  self- 
fertilisation  cannot  occur,  though  the  stigma  and  anthers  ripen 
at  the  same  time,  but  cross-fertilisation  proceeds  regularly. 
Pollen-collecting  insects  and  sometimes  even  those  sucking 
honey,  if  they  thrust  their  heads  several  times  into  the  same 
flower,  effect  self-fertilisation  as  well  as  cross-fertilisation. 

The  honey  on  account  of  its  open  situation  is  accessible  to 
very  various  insects,  but  the  flowers  are  so  inconspicuous  that  they 
are  very  little  visited.  Self-fertilisation  can  take  place  if  needed, 
as  the  stamens  on  withering  may  shed  their  pollen  on  the  now 
mature  stigmas. 

Visitors:  A.  Hymenoptera— (a)  Apida:  (1)  Apis  mellifica,  L.  i},s.  and 
c.p. ;  (2)  Bombus  agrorum,  F.  9  9,8.;  (3)  Macropis  labiata,  Pz.  cJ ,  s.  ;  (6) 
Vespidce :  (4)  Vespa  sQvestris,  Scop,  ab ,  s. ;  (5)  Eunienes  pomiformis,  L.,  s. 
B.  Diptera — (6)  Culex  pipiens,  L  cJ ,  s. 

Ehamnus  lanceolatics,  Pursh.,  is  dimorphic,  according  to  Darwin, 
but  it  is  not  heterostyled  in  the  strict  sense  (Darwin,  167). 

Rhamnus  pumilus,  L. — The  size  of  the  flower  and  the  number 
of  its  parts  is  reduced  in  this  species,  but  the  plant  is  visited  by 
numerous  insects.  The  flower  is  generally  tetramerous,  and  the 
petals  exhibit  all  stages  of  abortion  to   complete   disappearance 

(609). 

JRhamnus  catkarticus,  L.,  is  dioecious,  with  two  sub-forms  of  each 

sex  (167). 

Ord.  SAPIN^DACE^. 

Serjania  cuspidata,  St.  Hil. — The  flower  resembles  the  labiate 
type,  and,  like  Faullinia,  L.,  and  Cardiospennum,  L.,  is 
proterandrous. 

Many  species  of  Acer,  according  to  Delpino,  are  proterandrous 
and  are  fertilised  by  flies  (178,  360). 

87.  ^SCULUS  HiPPOCASTANUM,  L. — The  arrangement  of  the 
flower  was  thoroughly  described  by  Sprengel.     My  own  notes  and 
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drawings  of  the  horse-chestnut  flower,  made  before  I  became 
acquainted  with  Sprengel's  work,  difl'er  in  one  point  from  his 
account,  and  agree  with  that  of  Hildebrand.  While  Sprengel 
declares  that  in  the  younger  flowers  insect-visitors  come  in  contact 
only  with  the  stamens  because  the  style  is  as  yet  low  down,  I 
found  just  the  opposite  condition,  as  the  annexed  figures  show. 
Although  I  neglected  to  compare  microscopically  stigmas  of  younger 
and  older  flowers,  I  can  hardly  doubt  that  Hildebrand  is  right 
in  stating  the  hermaphrodite  flowers  of  the  horse-chestnut  to  be 
proterogynous.  According  to  Dr.  Ogle  (632),  there  occur  usually 
in  the  lower  part  of  each  inflorescence  flowers  whose  anthers  fall 
off  without  dehiscing  although  their  loculi  are  full  of  pollen,  and 
which  thus  play  the  part  of  purely  female  flowers. 

The  chief  fertilisers  are  humble-bees ;  therefore  the  dimensions 
of  the  flower  are  just  such  as  to  suit  these  insects.      The  style 


Fio.  f)!. — ACgeulut  Hippoeattanum. 

1.— Section  of  male  flower. 

2.— Hermaphrodite  flower  in  first  (female)  stage,  seen  obliquely  ftrom  the  trout. 

3. — Section  of  ditto,  in  second  (male)  stajre. 

a,  anther ;  n,  nectary  ;  or,  ovary  ;  ov'  rudimentary  ovary  ;  »,  sepal ;  p,  petal. 


and  stamens  protrude  so  far  from  the  flower  (in  a  curve  concave 
superiorly),  that  a  bee  on  alighting  just  touches  stigma  or  anthers 
with  the  hinder  part  of  his  body.  The  legs  fit  into  the  interspaces 
between  the  petals,  so  that  the  insect  finds  itself  at  once  in  the 
most  convenient  position  for  sucking,  and  immediately  thrusts 
its  proboscis  in  the  direction  n  (1,  3,  Fig.  51)  into  the  honey- 
holding  base  of  the  flower.  Such  a  position  also  permits  the 
insect  to  fly  away  very  readily,  and  thus  the  whole  time  occupied 
is  reduced  to  a  minimum  :  alighting,  thrusting  in  the  proboscis, 
and  flying  away  again  is  the  work  of  a  few  seconds. 

Other  bees,  whose  dimensions  do  not  correspond  so  well  to 
those  of  the  flowers,  have  to  spend  more  time  over  the  operation. 
The  humble-bee  is  also  favourably  placed  for  carrying  oflF  pollen 
on  the  tarsal  brushes  of  the  middle  and  hindlegs.     The  quick 
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action  of  the  insects  is  of  as  much  importance  to  the  plant  as 
to  themselves:  for  the  quicker  they  work,  the  more  young 
hermaphrodite  flowers  get  fertilised  in  the  same  time,  with  pollen 
from  male  flowers  or  older  hermaphrodite  flowers ;  and  this  in 
changeable  weather  is  an  important  consideration. 

I  have  only  seen  the  following  humble-bees  visiting  the  horse-chestnut : — 
(1)  Bombus  terrestris,  L. ;  (2)  B.  lapidarius,  L.,  both  species  s.  and  c.p., 
though  I  have  heard  bees  humming  all  day  long  about  the  trees  in  flower  in  a 
neighbouring  garden.  My  notes  for  visitors  to  this  plant  refer  only  to  a  single 
afternoon  (May  14, 1867).  The  other  visitors  noticed  were  : — (3)  Apis  mellifica, 
L.  $ ,  s.  and  c.p.,  very  ab. ;  (4)  Eucera  longicomis,  L.  <J ,  s. ;  (5)  Osmia  rufa, 
L.  <J ,  s. ;  (6)  Halictus  rubicundus,  Christ,  ? ,  c.p.  ;  (7)  Andrena  sp. 

In  ^sculus  Pavia  {rvhicuiida),  D.C.,  according  to  Hildebrand, 
all  the  hermaphrodite  flowers  are  proterogynous,  as  in  jEsculus 
Hippocastanum  ;  but  the  first  flowers  of  each  inflorescence  are  male 
only,  to  supply  pollen  for  the  opening  proterogynous  flowers  (351). 

Ord.  ANACARDIACE^, 


¥10.  52.— Bhu§  Cotinnt,  L. 
I.— Mftle  flower.  2.— Hermaphrodite  ditto.  8.  —Female  ditto. 


R,  Tiexitary. 


88.  Rhus  Cotinus,  L.  (the  Wig-tree). — lihiis  Cotinus  shows  all 
possible  transitional  stages  between  staminate,  hermaphrodite,  and 
pistillate  flowers :  the  first  of  these  are  largest,  most  expanded,  and 
most  conspicuous ;  the  last  are  least  so.  Hence  most  insect- 
visitors  come  to  these  flowers  in  the  most  advantageous  order. 
(Cf.  Ribes  aljnnum,  Salix,  Bryonia^  Asparagus.) 

In  both  staminate  and  pistillate  flowers  of  R,  Cotinus  traces  of 
the  aborted  organs  remain  visible. 

The  flowers  secrete  abundant  honey  on  the  orange-red  fleshy 
disc  surrounding  the  ovaries,  and  display  it  conspicuously. 
They  are  visited  by  numerous  insects,  chiefly  forms  with  short 
proboscides.     Cross-fertilisation  is   usually   effected   even  in  the 
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hermaphrodite  flowers  owing  to  the  wide  separation  of  the  stamens 
and  pistil.  Like  all  other  flowers  of  a  dull  yellow  colour  they  are 
almost  completely  avoided  by  Coleoptera. 

Visitors  :  A.  Diptera — (a)  Syrphidce  :  (1)  Helophilus  floreiis,  L.,  very  ab. ; 
(2)  H.  pendulus,  L. ;  (3)  Syritta  pipiens,  L.,  very  ab.,  all  three  8.  and  Ip.  ; 
(6)  Musc'xda :  (4)  Calliphora  erythrocephala,  Mgn. ;  (5)  Sarcophaga  camaria, 
L.  ;  (6)  Lucilia  cornicina,  F.,  s.,  also  several  nndetermined  flies  and  gnats. 

B.  Coleoptera — Dermestida :  (7)    Anthrenus  pirapinellie,  F.,  licking  honey. 

C.  Hymenoptera — (a)  Tenthredinidce :  (8)  Tenthredo  maiginella,  Kl. ;  (b) 
Sphegida :  (9)  Oxybelus  uniglumis,  L.  ;  (10)  Gk)rytai  carapestris,  L.  ;  (r) 
Vespidce :  (11)  Eumenes  poraifomiis,  Spin.;  (12)  Odynerus  sinuatus,  F.  ; 
(13)  0.  spinipes,  H.  Sch.  (quinquefasciatuB,  F.),  the  last  six  all  licking  honey  ; 
(ff)  Apidw :  (14)  Andrena  albicans,  K.  $ ,  c.p. ;  (15)  Halictus  sexstrigatus, 
Schenck,  ?;  (16)  H.  sexnotatua,  K.  9;  (17)  Apis  mellifica,  L.  §,  the  last 
three  sucking  honey. 

89.  Rhus  typhina,  L.— I  have  had  little  opportunity  of 
watching  the  flowers  of  this  plant  at  the  proper  season.  They  are 
very  conspicuous,  and  secrete  abundant  and  easily  accessible  honey, 
and  the  possibility  of  self-fertilisation  is  excluded  by  dioecism.  I 
have  as  yet  only  observed  the  following  visitors : — 

A.  Hymenoptera — ApidtF :  (1)  Apis  mellifica,  L.  §,  very  ab.,  s.  ;  (2) 
Prosopis  communis,  Nyl.  ?  <J,  s.  B.  Neuroptera — (4)  Panorpa  communis,  L. 
licking  honey. 

According  to  Delpino,  many  species  of  Khus  are  proterandrous 
and  fertilised  by  flies  (ly?)- 


Ord.  CORIAKIEjE. 

Coriaria  myrtifolia,  L.,  is  markedly  proterandrous,  according  to 
Hildebrand,  and  the  first  flowers  are  male  only  (356). 


Ord.  LEGUMINOSjE. 

Tribe  Lotece, 

90.  Lotus  corniculatus,  L. — The  structure  of  the  flower  of 
Lotus  comicidatus  is  described  briefly  by  Delpino  (172,  p.  25).  He 
gives  it  as  an  example  of  a  papilionaceous  flower  furnished  with 
a  piston-apparatus,  and  he  subsequently  compared  it  fully  with 
Coronilfa  Emerus  (178,  pp.  39-44).  I  have  devoted  especial 
attention  to  the  fertilisation  of  these  plants,  and  I  shall  discuss 
their  structure  fully. 
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The  anthers  dehisce  in  the  bud,  whilst  both  carina  and  aire  are 
atill  covered  by  the  vexillum,  and  before  any  of  the  petals  have 
nearly  attained  their  full  size.  At  an  earlier  period  the  five  outer 
stamens,  which  alternate  with  the  petals,  and  the  five  inner 
stamens  are  unequally  developed,  so  that  the  anthers  form  two 
whorls,  one  behind  the  other  round  the  style ;  but  when  they  are 
ready  to  dehisce  all  ten  stamens  are  of  equal  length,  and  their 


«  — Pmni  thn  rigfat  Me,  ilt»i  canfnl  nmonl  of  the  right  bAlt  nf  llie  carinK. 
ewed  from  ibove,  mtUi  r«inDV«l  of  the  veilllum  mA  «!». 
.—The  esHuUxl  omM  incloBei  In  the  frdnt  h.lf  of  Ibe  orlnn.  u  sliuirn  In  fl,  ipore  nmsiiiflf -1 

intsTTnl  l)»Hi«n  the  ■hedrtlnR  ut  the  pollen  Mil  the  opontng  of  the  Bawri. 

10— The  uine  orgsni  ■wn  froni  nboTe,  to  ihow  liow  Oio  onter.  termliuilljr-llilckoneil  >lainen> 
IpHng  >put  irheo  tmd  from  the  preunie  at  the  ^siIm 

■■      —       ■  .....        ...    ;,,  nf  J  fniiyijecelopea  llowfr>pr«d  out. 


Ie(t'>:  d,  the  rlve  h 
>-AhrL]fed ;  /,  atigma ; 


anthers  reach  to  the  base  of  the  conical  apex  of  the  carina.     The 
ends  of  the  filaments  are  still  very  much  alike,  but  the  five  outer 
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show  a  slight,  club-shaped  thickening,  which  afterwards  becomes 
much  more  apparent ;  the  five  inner,  including  the  superior  solitary 
stamen,  remain  unthickened  throughout.  The  anthers,  while  yet 
fully  twice  as  broad  as  the  ends  of  the  filaments,  dehisce  in  the  base 
of  the  cone,  completely  filling  it  with  pollen,  and  when  they  have 
discharged  their  contents  they  shrivel  up  to  a  fourth  of  their  former 
size.  All  the  petals  now  grow  to  their  full  size,  and  the  five 
outer  stamens  elongate  and  the  ends  of  their  filaments  thicken,  so 
that,  in  spite  of  the  continual  growth  of  the  carina,  they  still  reach 
to  the  hollow  cone  formed  by  its  apex,  and  completely  fill  its  lower 
and  wider  portion  notwithstanding  that  the  five  inner  stamens 
have  remained  behind.  When  the  flower  has  reached  maturity,  the 
essential  organs  occupy  the  relative  positions  shown  in  8,  Fig.  53. 
The  five  inner  stamens  (d)  are  useless  after  shedding  their  pollen, 
and,  far  outstripped  in  development  by  the  other  organs,  they  lie 
shrivelled  up  in  the  lower  and  wider  part  of  the  carina.  The  five 
outer  (e),  which  have  still  an  important  part  to  play,  have  continued 
to  grow,  and  lie  with  their  thickened  ends  tightly  closing  in  the 
base  of  the  hollow  cone  now  filled  with  pollen.  Somewhat  below 
the  apex  of  the  carina  lies  the  stigma  (/),  and  at  the  apex  (near  g) 
is  a  narrow  opening;  the  entire  space  between  the  thickened 
filaments  and  the  orifice  is  filled  with  compressed  pollen,  and  thus 
the  piston-mechanism  is  complete.  On  the  application  of  a  slight 
downward  pressure  to  the  carina,  the  thickened  filaments  are 
forced  further  into  the  apical  cone  of  the  carina,  and  squeeze  a 
certain  amount  of  pollen  through  the  orifice  in  a  narrow  ribbon. 
When  the  pressure  ceases,  the  thickened  filaments,  thus  squeezed 
together,  tend  to  spring  apart,  and  so  raise  up  the  apical  cone  and 
restore  the  whole  carina  to  its  former  position;  the  elasticity  of  the 
carina  itself  assists  in  this  action.  If  the  carina  be  drawn  or 
pressed  still  further  down,  the  end  of  the  style  protrudes,  covered 
with  pollen,  from  the  orifice.  When  the  pressure  ceases  it  returns 
again  into  the  carina ;  but  the  edges  of  the  orifice,  which  readily 
yield  to  a  pressure  from  within  and  allow  the  stigma  and  pollen  to 
pass  out  without  hindrance,  spring  together  and  scrape  off  almost 
the  whole  of  the  pollen  from  the  stigma  as  it  returns  within 
the  carina. 

As  soon  as  the  piston-mechanism  has  become  so  far  complete,  the 
vexillum  rises  up  perpendicularly  so  as  to  direct  its  broad,  dark 
yellow  surface  straight  to  the  front,  and  both  the  alse  arch  their 
surfaces  into  two  hemispheres  inclosing  the  carina,  so  as  to  strike 
the  eye  equally  well  from  before,  from  behind,  or  from  either  side. 
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The  fleshy  thickened  base  of  the  coalesced  stamens  secretes  honey 
on  the  inner  surface,  which  lies  surrounding  the  base  of  the  ovary 
and  is  only  to  be  reached  through  two  small  openings  on  either 
side  of  the  base  of  the  superior  stamen,  and  the  flower  is  now 
ready  to  receive  insect-visitors  (1,  2,  Fig.  53).  It  only  remains  to 
explain  how  the  downward  pressure  of  the  carina  is  eflFected.  This 
important  service  is  rendered  by  the  alae.  They  form  a  platform 
for  the  insects,  and  are  so  combined  with  the  carina  that  it  is  bent 
downwards  along  with  them.  Each  ala  has  at  the  base  of  its  limb  a 
deep  depression  (3,  c*),  which  fits  into  a  corresponding  hollow  on  the 
upper  surface  of  the  base  of  the  carina  (5,  c),  and  close  behind  this 
spot  the  upper  edges  of  the  alae  cohere  together.  If  a  bee  comes, 
and,  whilst  clasping  the  alse  with  its  mid  and  hindlegs,  thrusts  its 
head  and  forelegs  under  the  vexillum  to  insert  its  proboscis  into 
either  of  the  honey- passages,  the  alse  and  with  them  the  carina 
bend  downwards,  and  a  quantity  of  pollen  oozes  through  the  tip 
of  the  carina  and  becomes  attached  to  the  hairy  ventral  surface  of 
the  bee.  If  the  bee  forces  its  way  further  into  the  flower  and  thus 
presses  the  alae  and  carina  down  still  more,  the  stigma  protrudes 
from  the  apex  of  the  carina  and  rubs  against  the  ventral  surface 
of  the  insect. 

The  insect's  belly  is  covered  with  innumerable  pollen-grainB 
from  the  same  and  from  previously  visited  flowers,  and  cross- 
fertilisation  takes  place  without  fail.  And  it  is  scarcely  possible 
to  doubt,  though  it  is  hard  to  prove  by  direct  observation, 
that  the  pollen  brought  from  other  flowers  is  prepotent  in 
its  action. 

Delpino  considers  that  the  stigma  does  not  become  capable  of 
fertilisation  until  its  papillae  have  been  slightly  rubbed,  by  which 
the  stigmatic  surface  is  made  sticky.  If  this  view  is  correct,  cross- 
fertilisation  must  take  place  regularly,  in  the  course  of  repeated 
visits,  since  the  stigma  must  be  cleared  of  its  own  pollen  before  its 
papillae  become  exposed  to  friction.  In  either  case  it  is  very  much 
to  be  desired  for  the  sake  of  a  clear  understanding  of  the  mechanism 
of  this  flower,  that  experiments  should  be  instituted  to  show 
whether  Lotus  does  or  does  not  produce  seed  when  protected  from 
insects. 

The  process  of  squeezing  out  a  little  ribbon  of  pollen  by  de- 
pressing the  carina  may  be  repeated  eight  to  twelve  times,  if  the 
carina  is  pressed  down  only  a  little  way  each  time.  But  bees  when 
collecting  pollen  press  the  alae  and  carina  down  as  far  as  possible  to 
get  all  the  pollen  that  they  can,  so  that  the  supply  is  exhausted 
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after  a  very  few  visits.     Bees,  and  especially  those  with  abdominal 
collecting-brushes,  are  the  chief  fertilisers  of  the  plant. 

Visitors  :  A.  Hymenoptera — (a)  Apidce :  "Bees  with  abdominal  collecting- 
brushes  :  (1)  Osmia  interrupta,  Schenck,  ?  (L.  Sid.  Thur.) ;  (2)  0.  anmlenta, 
Pz.  9  (Sid.,  Thur.),  very  freq. ;  (3)  0.  aenea,  L.  ?  ^,  (L.),  freq. ;  (4)  Diphysis 
seiratulae,  Pz.  ?  S  (L.  Sid.),  freq. ;  (5)  Megachile  Willughbiella,  K.  ?  (L.  Sid.) 
(6)  M.  pyrina,  Lep.  ?.'<J,  freq. ;  (7)  M.  circumcincta,  K.  ^  ^  (L.  Sid.),  ab. 
(8X  Anthidium  manicatum,  L.  ?  (L.) ;  (9)  A.  punctatum,  Latr.  ?  ^  (Thur),  ab. 
(10)  A.  strigatum,  Latr.  ?  ^J  (Thur.),  freq.  The  females  of  all  these  species 
collect  pollen  and  suck  honey  at  the  same  time ;  {b)  Bees  with  femoral  and 
tibial  collecting-baskets  ;  (11)  Bombus  agrorum,  F.  $  §,  s.,  more  rarely  c.p.  ; 
(12)  B.  terrestris,  L.  ?  do.  ;  (13)  Apis  mellifica,  L.  5,  very  ab.,  do. ;  (14) 
Eucera  longicomis,  L.  $  ^,  very  ab.,  only  s. ;  (15)  Rhophites  canus,  Eversm. 
9  <J  (Thur.), 8. ;  (16)  Andrena labialis,  K. 9,  s. ;  (17)  A.  zanthura,  K.  9>c.p. ; 
(18)  A.  convex iuscula,  K.  9 »  s.  and  c.p. ;  (19)  Halictus  rubicundus,  Chr.  9  >  8. 
and  c.p.  ;  (20)  H.  flavipes,  K.  9»  s- ;  (c)  Cuckoo-bees  :  (21)  Nomada  ruficomis, 
L.  9  >  8- ;  (22)  Ccelioxys,  sp.  ^J ,  s.  B.  Diptera — (a)  Conopida :  (23)  Conops 
flavipes,  L.  (4 — 5),  s.  only  observed  once, — thrusting  its  tongue  beneath  the 
vexillum  ;  (6)  Syrphidce  :  (24)  Melanostoma  mellina,  L,  b.p.  C.  Lepidoptera 
— (a)  Bhopalocera :  (25)  Lycaena  Icarus,  Rott.,  s. ;  (26)  Hesperia  tages,  L.  s.  ; 
(27)  H.  alveolus,  H.  s. ;  {h)  Sphinges :  (28)  Sesia  empiformis,  E.  (Thur.),  s.  ; 
(29)  Zygaena  lonicerse,  Esp.  (Thur.),  s. ;  (c)  Bombyces :  (30)  Porthesia 
auriflua,  S.  V.  (sucking  vainly  for  honey)  ;  (d)  NoctucB :  (31)  Euclidia 
glyphica,  L.,  s.  Lepidoptera  and  Conops  thrust  their  tongues  beneath  the 
vexillum  without  perceptibly  depressing  the  carina ;  they  were  therefore  quite 
useless  for  fertilisation. 

Twenty-seven   additional   visitors   (19    Apidse,   5   Lepidoptera 
3  Diptera)  are  recorded  in  my  Weitere  Beobachtungen,  li.  p.  246. 
Altogether,  I  have  observed  upon  Lotus : — 


In  Low  Germany... 


On  the  Alps 


A)>idiFi. 

Lepidoptera.       Diptera. 

Totiil. 

17 

25 

1 

43 

41 

12 

3 

5C 

That  is  to  say,  in  each  hundred  species  of  visitors  there  are  : — 


In  Low  Germany... 


On  the  Alps 


Apidsp. 

Lepidoptera. 

Diptera. 

TutaL 

89-5 

581 

2-8 

99-9 

73-2 

21-4 

5S 

99-9 
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91.  Anthyllis  vulneraeia,  L, — AtUkyllis  vulneraHa  belongs 
to  the  group  of  papilionaceous  flowers  with  piston -mechao ism,  but 
it  differs  so  strikingly  from  Lotus  in  many  points  that  it  deserves  a 
special  description. 

The  very  long  claws  of  the  petals  are  surrounded  by  a  calyx, 
9  to  10  mm.  long,  somewhat  swollen  in  the  middle  and  covered 
with  soft  hairs  (1  a.  Fig.  54).  From  this  the  vexillum  projects  to  a 
distance  of  6  to  7  mm.,  inclined  obliquely  upwards  ;  a  groove  on  the 
lower  part  of  its  blade  (7  V)  receives  the  alie,  and  two  rounded  lobes 
at  its  base  (7  d,  d)  clasp  round  them  inferiorly,  so  that  the  alas  are 
completely  embraced  by  the  vexillum. 


8.— ApBX  of  cirini.  >ft<r  rernoiil  of  lt«  >fl  hilf  (x  1). 


on  tlw  DUUIdc  of  the  veiilltini,  Tlalble  {nslde  u  ■  ahirp  tidge.  k  \  i,  hallow  In  the  upwr  giirfacc  of 
nUmenU ;  q,  einiity  witliswl  anthpta :  r,  pollen  ;  t,  itlgma ;  1 1,  pliwi  of  the  •!«. 


An  insect  which  tries  to  reach  the  honey  at  the  base  of  the 
flower  must  grasp  the  sides  of  the  alse  and  thrust  its  proboscis  (at 
least  9  lo  10  mm.  long)  under  the  vexillum. 

The  alffi  surround  the  carina,  and  are  so  connected  with  it  that 
when  the  afe  are  depressed  the  carina  is  forced  down  with  them. 
This  connection  is  formed  in  three  ways  :  (1),  a  deep  nairow  groove 
(3,  ff)  exists  at  the  base  of  each  ala,  appearing  on  the  inner  side  as 
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a  sharp  ridge  (5,  6,  h)  which  fits  into  a  groove  on  the  carina  (4,  5,  i)  ; 
(2),  a  sharp  triangular  tooth  (4,  5,  /)  is  borne  by  the  carina  behind 
this  groove,  and  catches  in  the  space  (5,  6,  h!)  behind  the  ridge  on 
the  inner  surface  of  the  ala ;  and  (3),  the  upper  borders  of  the  alae 
are  folded  inwards  for  a  short  space  (3,  5,  6,  m),  and  at  this  fold 
they  cohere  together  above  the  carina.  Close  in  front  of  the  spot 
where  the  upper  borders  of  the  alae  are  thus  firmly  applied  to  each 
(jther,  the  apex  of  the  carina  emerges  when  the  alse  are  pressed  down. 
The  upper  margins  of  the  carina  are  coherent  except  at  the  apex, 
where  they  leave  a  longitudinal  slit,  and  when  the  carina  (along 
with  the  alse)  is  depressed,  there  emerges  from  this  slit  a  ribbon- 
shaped  mass  of  pollen,  pressed  forwards  by  the  thickened  ends  of 

the  ten  stamens  (8,  p). 

When  the  pressure  is  removed  the  alse  and  carina  return  to  their 

former  position  ;  when  they  are  again  pressed  down  another  portion 
of  pollen  is  pressed  out.  After  the  greater  part  of  the  pollen  has 
been  squeezed  out  in  this  way,  the  stigma  (8  s)  emerges  at  the  same 
slit ;  it  has  lain  imbedded  in  pollen  in  the  carina  but  emerges  free 
from  it,  for  its  papillse  are  not  yet  adhesive  and  the  pollen-grains  are 
scraped  off  by  the  edges  of  the  slit. 

If  the  stigma  is  rubbed  with  slight  pressure  over  a  glass  plate  a 
line  of  moisture  marks  its  course ;  if  it  be  now  brought  in  contact 
with  pollen,  the  pollen  adheres  to  it  so  firmly  that  it  is  not  easily 
removed.  Doubtless  the  same  effect  is  produced  by  insect- visits  ; 
the  flower  gives  up  pollen  to  the  ventral  hairs  of  its  first  visitors ; 
and  after  its  pollen  is  spent,  the  superficial  cells  of  the  stigma 
coining  in  contact  with  the  insect  get  iiiptured  and  exude  their 
fluid  contents ;  pollen  from  other  flowers,  with  which  the  insect  is 
already  dusted,  now  adheres  to  the  stigma  and  the  act  of  cross- 
fertilisation  is  complete.  Whether  in  absence  of  insects  the  flower 
is  fertilised  by  its  own  pollen  has  still  to  be  decided  by  a  simple  ex- 
periment. I  observed  the  following  bees  fertilising  this  plant  near 
Muhlberg  in  Thuringia,  July  11th  to  14th,  1868:— 

(1)  Bombus  silvarum,  L.  ^  (10^),  s.  ;  (2)  B.  Lortonim,  L.  ?  (21),  s.  ;  (3) 
B.  muscorum,  F.  9  (13—14),  s.  ;  (4)  Osmia  aurulenta,  Pz.  ?  (8—9),  c.p.,  (all 
very  frequent).  I  also  saw  Lycaena  alsus,  W.  V.  9 ,  and  a  Capsus  vainly 
attempting;  to  suck  the  honey.  I  have  seen  it  visited  on  the  Alps  by  12 
species  of  bees,  and  10  of  Lepidoptera  (609). 

Dm-yciiium  (JBonjcania)  hirsutum,  Ser. — According  to  Delpino, 
the  flower  has  a  piston-action,  and  the  ends  of  the  filaments  are 
thickened  (179,  p.  45). 

^  These  numbers  in  brackets  in<iicate  the  length  of  the  insect's  proboscis. 
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Tribe  Trifolia. 
92.  Ononis  spinosa,  L. — This  plant  also  has  flowers  with  a 
piston-mechanism,  which  however  differ  materially  both  from  Lotus 
and  Anthyllis.  They  are  devoid  of  honey,  and,  like  almost  all  the 
honeyless  Papilionaceae,  monadelphous,  for  the  separation  of  the 
superior  stamen  in  other  forms  is  only  useful  in  giving  access  to  the 
honey.  The  alie,  which  serve  as  in  most  other  Papilionacese  for 
bees  to  alight  on,  and  as  levers  to  depress  the  carina,  embrace  the 
upper  pai-t  of  the  carina  (3,  Fig.  55)  and  are  united  to  it  by  two 
projections  directed  downwards  and  forwards  (5  rf),  which  fit  into 
deep  grooves  in  the  two  halves  of  the  carina.  Two  lobes  at  the 
base  of  the  upper  borders  of  the  alie  {3,  6,  e)  directed  backwards, 
but  not  pouched,  lie  over  the  staminal  column  without  touching  it, 


1.— RBHOtLnl  orgui  fhHD  ft  bud. 

J.  — DHtn,  frcHn  *  Oowtt  ( x  Ti- 

l.—FUmtr.  from  tha  ildc,  attcr  nmoTal  of  ul^i  Mid  vei 

4.  —Soma  stunent,  toon  miKDllled,  to  (bow  the  dlfTtRiu.- 

IS— Lrtt  all,  Itom  the  ioaldf. 

D.-DICto,  ftnin  Um  outside. 

Smrtm.  ».  tBmr  lUmen ;(,  pollm,  «™  tbrrmnb  the  t- 
■  and  fgrwirdi ;  (,  lobe  at  the  upper  bolder  or  tlie  ala. 


and  can  give  little  help  in  keeping  the  parts  in  their  proper  placc.c. 
The  two  alae  never  cohere  with  one  another. 

The  upper  borders  of  the  carina  cohere  at  first,  leaving  a  small 
opening  at  the  tip,  and  the  pollen  is  squeezed  out  as  in  Lotus.  But 
sooner  or  later  after  repeated  depressions  this  suture  ruptures,  and 
now  if  the  carina  be  depressed  the  anthers  themselves  emerge.  If  the 
carina  was  not  thrust  down  too  far  they  return  within  the  carina 
when  the  pressure  is  relieved ;  but  if  the  carina  was  pressed  violently 
down,  as  it  frequently  is  hy  bees,  the  anthers  remain  along  with  the 
stigma  partly  or  wlmlly  exposed. 
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We  must,  therefore,  take  young  flowers,  to  see  the  squeezing 
out  of  the  pollen.  Thus  the  flowers  of  Ononis  aflFord  a  stage  inter- 
mediate between  Lotus  with  its  piston-mechanism,  and  Melilotus  in 
which  the  reproductive  organs  simply  emerge  from  the  carina. 

In  regard  to  the  formation  of  the  "piston,"  Ononis  stands 
between  Lotus  and  Anthyllis.  In  Lotus  the  five  outer  filaments, 
which  alternate  with  the  petals,  are  thickened  at  their  ends  to 
express  the  pollen ;  in  Anthyllis  the  ends  of  the  filaments  are  all 
thickened  alike ;  in  Ononis  they  are  all  thickened,  but  the  outer 
whorl  much  more  so  than  the  inner.  While  the  outer  stamens  thus 
perform  the  function  of  a  piston  to  a  greater  extent  than  the  inner^ 
the  inner  (1  b)  produce  pollen  in  much  larger  amount  than  the  outer 
(1  a).  This  is  an  interesting  step  towards  separation  of  the  two 
whorls  of  stamens  for  two  distinct  purposes. 

Though  the  flowers  of  Ononis  possess  no  honey  they  are  visited 
by  numerous  bees,  but  in  the  number  of  their  visitors  they  are  far 
behind  Lotus,  which  has  abundant  honey.  It  is  curious  that  not  only 
female  bees  but  males  also  often  visit  several  flowers  in  succession 
and  perform  all  the  actions  of  sucking.  They  have  obviously  no 
outward  token  of  the  lack  of  honey,  but  must  discover  it  by 
experience.  The  females,  after  making  sure  that  there  is  no  honey, 
take  to  collecting  pollen ;  the  males,  on  the  other  hand,  abandon  the 
flowers  after  a  few  vain  attempts,  though  they  may  remain  some 
time  about  the  plant  in  pursuit  of  the  female.  The  visitors  are  ex- 
clusively bees,  and  mainly  forms  with  abdominal  collecting-brushes. 

A.  Bees  with  abdominal  collecting-brushes  :  (1)  Osmia  aurulenta,  Pz.  9 
(Thur.),  ab. ;  (2)  0.  ainea  L.  ? ,  freq.  ;  (3)  Megachile  versicolor,  Sm.  $  (Haar) ; 
(4)  M.  pyrina,  Lep.  ?  (J ,  freq. ;  (5)  M.  circumcincta,  K.  $ ,  ab.  ;  (6)  M. 
maritima,  K.  ?  ;  (7)  Anthidium  manicatum,  L.  ?  cJ,  ab. ;  (8)  A.  punctatum, 
Jjatr.  9  (J ;  (6)  Bees  with  tibial  pollen-ba«kets :  (9)  Apis  mellifica,  L.  §  ;  (10) 
Cilissa  leporina,Pz.  ?  ;  (11)  Anthophoraquadrimaculata,  Pz.  $  ^,  ab.  (Thur.)  ; 
(12)  Bombus  lapidarius,  L.  § ;  (13)  B.  terrestris,  L.  9* 

Ononis  repeiis,  L.,  is  also  visited  exclusively  by  bees-  (SQO,  Tl. 

p.  254). 

According  to  Bentham,  most  species  of  Ononis  in  southern 
Europe  are  liable  to  abortion  of  the  corolla  in  spring,  and  cleisto- 
gamic  self-fertilisation  then  takes  place  (399,  p.  67;  S31,  p.  312). 

Parocliwtus,  Ham.,  has  cleistogamic  flowers,  according  to  Kuhn. 

0.3.  Medicago  sativa,  L. — Although  the  mechanism  of  this 
flower  has  been  several  times  the  subject  of  careful  stu<ly,  it  is  by 
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no  means  fully  explained  yet.  I  hope  at  least  to  advance  our  know- 
ledge of  the  means  by  which  the  elastic  tension  of  the  parts  is 
produced  and  controlled.  Medicago  sativa  has,  like  Sarothamnus 
scoparius  and  Genista  tinctoria,  explosive  flowers.  As  in  these 
latter,  the  staminal  column  before  explosion  is  inclosed  within 
the  carina,  whose  upper  edges  cohere  together  ;  and  when  an 
insect  presses  down  the  carina  the  column  not  only  emerges  hut 
springs  violently  tip  and  is  unable  to  return  to  its  former  place. 
As  in  G.  tinctoria,  the  reproductive  organs  after  explosion  are 
pressed  against  the  vexillum  and  are  not  affected  by  further  insect 
visits.  But  Medicago  so/iia  di Hers  from  these  two  plants  by  having 
both  tiie  elastic  tension  and  the  force  which  restrains  it  localised  in 
different  ports  of  tlie  flower. 


.    ..wof  riliht  ^. 
— Csrinii  mn  obliqufly  from  slyive. 

— Eiplodfd  Aoitn  •HD  obltuurlj  from  above  ;  the  Teillluin  uid  i  p|>er  liair  ••!  tbe  cilvi  h^i' 
removed  (x  tj). 

mlyx;  fc,  veiiUum  ;  t,  iiU ;  d.lVicUw:    »,  1iiiEig1n>t«d  process  of  .In,  directed  lnitjinr««r 
irda  ;  /,  III  extenwl  oiwuing  ;  g,  diglute  proceas  or  lnh«  or  (lit,  dlierled  inwanls  and  bael 


While  in  Sarothamnus  it  is  the  style  only  which  acts  as  a 
spring,  in  Genista  tind-oria  tlie  column  tends  to  spring  upwards,  niul 
the  alie  and  carina  together  tend  to  spring  downwards.  In  Medicayo 
satiia  the  elastic  tension  resides  almost  exclusively  in  the  upjK-r 
stamens.  This  can  be  shown  clearly  by  dividing  the  ujiper  from 
the  lower  stamens,  whereupon  the  upper  part  of  the  biindk^  curvfs 
still  more  strongly  upwards,  and  the  lower  part  sinks  down  till  it 
stands  almost  horizontal. 

In  Mrdi'-ngo  sativa  it  is  not  the  cohorent  upjicr  margins  uf  thf 
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carina,  as  in  Sarothamnus  and  Genista,  which  prevent  the  column 
from  springing  up  in  the  young  flower,  though  these  margins  are 
coherent  here  also,  but  we  may  separate  them  completely  from  one 
another  without  explosion  taking  place.  The  structures  which 
prevent  it  are  two  pairs  of  projections  developed  on  the  petals  of 
the  carina  and  alaB,  which  lie  upon  the  column. 

Two  are  directed  forwards,  and  consist  of  deep  pouches  in  the 
superior  basal  angles  of  the  carina  (i,  4,  5)  which  meet  in  the 
middle  line  above  the  column.  Into  these  fit  still  deeper  pouched 
processes  of  the  alse  (c,  2,  5),  which  both  connect  the  alse  firmly 
with  the  carina,  and  also  help  to  strengthen  the  hold  upon  the 
column.  These  anterior  pouches  of  the  alse  (e,  2,  5)  are  only  a 
further  development  of  those  shallow  depressions  by  means  of  which 
the  alae  are  united  to  the  carina  in  Trifolium  and  Melilotus. 

Besides  this  anterior  pouch,  each  ala  possesses  at  the  base  of  its 
upper  border  a  long  finger-shaped  process,  which  is  directed  back- 
wards, and  is  a  further  development  of  that  which  we  shall  see 
appearing  in  Melilotus.  The  two  processes  (^,  2,  Fig.  56)  curve 
upwards  and  inwards  so  that  their  ends  almost  meet  in  the  middle 
line  above  the  staminal  column. 

If  in  a  young  flower  we  cut  through  the  claw  of  the  carina,  the 
column  springs  upwards  to  some  extent,  carrying  with  it  the  carina 
and  alae.  If  in  another  unexploded  flower  we  carefully  cut  through 
one  of  the  digitiform  processes  of  the  alae,  the  parts  remain  motion- 
less; but  on  cutting  the  process  of  the  other  side  explosion  at 
once  follows.  The  pouched  processes  of  the  carina  (t)  are  thus 
not  sufficient  to  hold  the  column  down  without  the  aid  of  the 
processes  (g)  of  the  alae,  nor  are  the  latter  sufficient  after  section 
of  the  carina.  Explosion  can  therefore  be  effected  equally  well  by 
separating  the  anterior  pouches  (e,  2),  by  separating  the  digitiform 
processes  (g,  2),  or,  finally,  by  depressing  the  alae  and  carina. 
If  an  insect  inserts  its  proboscis  in  the  middle  line  between  the 
anterior  pouches  and  the  digitiform  processes,  or  if  it  stands  upon 
the  alae  and  thrusts  its  head  in  the  middle  line  under  the  vex- 
illum,  in  either  case  explosion  follows.  The  stigma  (o,  5)  projects 
beyond  the  anthers,  and,  therefore,  is  the  first  to  strike  the  under 
surface  of  the  bee*s  body  or  proboscis ;  an  instant  later  the  anthers 
come  in  contact  with  an  area  close  around  the  spot  that  the  stigma 
touched,  dusting  it  with  fresh  pollen.  The  first  flower  that  the 
insect  visits  is,  of  course,  not  cross-fertilised,  but  as  the  bee  with- 
draws from  the  flower  self-fertilisation  inevitably  occurs.  Self- 
fertilisation  is  undoubtedly  efficient,  for  Hildebrand  has  shown  that 
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flowers  which  wither  unexploded  when  insects  are  excluded  produce 
seed  by  self-fertilisation. 

In  spite  of  their  very  accurate  mechanism,  I  have  observed  by 
watching  insect-visitors  that  the  flowers  have  two  imperfections. 
In  the  first  place  they  continue  to  secrete  honey  after  explosion, 
and  in  the  second,  the  young  unexploded  flowers  very  frequently 
permit  insects  to  obtain  the  honey  without  performing  any  service 
in  return. 

It  is  plain  that  the  continued  secretion  of  honey  after  explo- 
sion is  detrimental  to  the  plant ;  for  it  leads  the  insects  to  visit 
exploded  flowers  instead  of  restricting  their  visits  to  flowers  that  re- 
quire their  aid.  I  have  seen  hundreds  of  hive-bees  sucking  honey 
on  exploded  flowers,  thrusting  the  proboscis  laterally  over  one  of 
the  alae,  and  not  coming  in  contact  at  all  with  the  stigma  or  anthers, 
which  were  pressed  close  up  against  the  vexillum. 

The  other  imperfection  is  also  taken  advantage  of  by  the 
liive-bee,  as  Henslow  has  remarked.  The  bee  probably  finds  it 
unpleasant  to  have  its  proboscis  struck  by  the  exploding  column 
at  each  visit ;  for  it  prefers,  even  in  the  case  of  young  flowers,  to 
insert  its  proboscis  laterally  close  to  one  of  the  alae,  so  that  no 
explosion  results.  Although  hive-bees  are  by  far  the  most 
numerous  visitors  of  this  flower,  I  have  never  seen  them  effect 
explosion ;  but  I  have  often  observed  them  from  a  short  distance 
acting  in  the  manner  just  described.  Though  I  have  frequently 
watched  this  plant,  I  have  never  succeeded  in  seeing  explosion 
actually  performed,  though  the  number  of  exploded  flowers  that 
we  meet  with  shows  that  it  must  take  place  very  frequently. 
Butterflies  visit  the  flowers  in  great  numbers,  and  it  is  doubtless 
by  them  that  explosion  and  cross -fertilisation  are  effected ;  but  they 
are  generally  too  wild  to  i)ermit  close  observation  of  their  move- 
ments. Once  I  had  a  good  view  of  ITcspcria  fhaumas^  Hufn.,  suck- 
ing a  young  unexploded  flower,  but  like  the  bees  it  inserted  its 
proboscis  from  the  side  and  did  not  cause  explosion.  A  fine  needle 
inserted  in  the  middle  line  of  the  flower  causes  explosion,  and  the 
thin  proboscis  of  a  butterfly  is  undoubteiUy  sufficient  to  do  the  same. 

A.  Hymenoptera — Apidtr :  (1)  Apia  mellifioa,  L.  9 ,  p.,  very  fre<i.  ;  (2) 
Megachile  pyrina,  Lep.,  a.  B.  Lepidoptera — (a)  Bhojxilocera :  (3)  Pieris 
brassicas,  L.  ;  (4)  P.  rapw,  L.  ;  (5)  P.  napi,  L.,  all  three  ab.  ;  (6)  Vanessa 
urticae,  L. ;  (7)  Coliiia  hyale,  L.  ;  (8)  Satynis  hyperanthii.s  L.  ;  (9)  liycaena 
ai^giolus,  L. ;  (10)  Hei«peria  thaumw*,  Hufn.  ;  (h)  Noctua: :  (11)  Plusia  gainina,  L. 
Fifteen  additional  viBitors  (eleven  Apidtr^  three  Lepidoptera^  and  Bembex 
Tostratus)  are  reconled  in  No.  590,  11. 
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94.  Medicaco  falcata,  L. — Though  on  the  whole  the  flower 
of  this  species  resembles  that  of  M.  saliva,  it  possesses  certain 
peculiarities  which  faciUtate  explosion,  and  make  it  more  difBcult 
for  bees  to  obtain  the  honey  without  releasing  the  column.  For  the 
pouches  directed  forwards  and  the  processes  directed  backwards  on 
the  oias  grasp  the  column  less  firmly,  as  may  be  seen  in  2,  Fig.  57, 
so  that  a  less  pressure  is  followed  by  explosion ;  but  on  the  other 
hand  a  thin  proboscis  can  pass  more  easily  to  the  base  of  the  flower 
without  bringing  about  explosion.  The  alte  leave  less  room  for  a 
proboscis  to  enter,  aa  they  are  shorter  and  broader  and  rest  on  the 


id  ceilUuni 

i.— Exploded  llovrr.  afler  ttnioTtl  nr  veilUi 
Mlumn  ■ppeanconiiMtnlily  fDnahnrteiieil. 

>,  niri :  t.  miniiai:  c,  pathflDder  ;  i.  claw 
all,  diRctM  ftrra'ardi ;  a,  lobe  of  aU  ilinctfd  bi 
lamlns  nr  ditto :  Itk.  rarinal  wturhei,  whlrh  m 
■UDien  :  ■  n,  intcnncFii  to  the  honey :  s,  allgma. 


(,  laiDloa  of  a]a  :  /,  lnva«iiialfd  pr« 
iB ;  h.  colitrent  claws  nf  carina :  f.  co 
i«  protMBM/;  1.  cglumn  :  m.  supcili 


carina  for  a  shorter  space  in  their  basal  half.  Accordingly,  of  the 
very  many  bees  which  I  observed  on  flowers  of  M.  falcata,  I  did  not 
see  one  sucking  or  collecting  pollen  on  unexploded  flowers  without 
releasing  the  column,  but  I  saw  many  Lepidoptera  sucking  without 
causing  explosion.  The  flowers  of  Af.  sativa  seem  fitted  rather  for 
fertilisation  by  Lepidoptera,  and  those  of  M.  falcaia  rather  for  ferti- 
lisation by  bees.  And  my  lists  may  lead  us  to  conclude  that  the 
flowers  of  M.  saliva  ofler  special  attractions  for  Lepidoptera,  and 
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those  of  M,  fcdcata,  on  the  other  hand,  for  bees  ;  yet  I  am  not  able 
to  account  for  this  difference  in  attractiveness. 

Visitors,  at  Rehmberg,  Thuringia,  July,  1868  : — 

A.  Hymenoptera — Apida: :  (1)  Apis  mellifica,  L.  9 »  s->  ^>'^<1-  J  (2)  Bombiis 
muscorum,  F.  9,8.;  (3)  Rhophites  canus,  Ev.  9  <J ,  s.  ;  (4)  Cilissa  leporina, 
Pz.  ?  (J ,  8.  and  cp. ;  (5)  Andrena  denticulata,  K.  ? ,  s.  ;  (6)  A.  fulvicrus, 
K.  9,8.;  (7)  HalictuB  quadricinctus,  F.  9 ,  c.p.  ;  (8)  Nomada  Solidaginis, 
Pz.  9,8.;  (9)  N.  varia,Pz.  9,8.  ;  (10)  N.  ferruginata,  K  9,8.;  (11)  OBinia 
aurulenta,  Pz.  9»  ».  and  cp.,  ab.  B.  Diptera — (a)  Bombyliidce :  (12)  Sys- 
toechu8  8ulfureus,  Mik.,  8.  ;  (6)  Syrphidm :  (13)  Helophilus  trivittatu8,  F. 
0.  Lepidoptera — (a)  Rhopalocera :  (14)  Hesperia,  8.  ;  (15)  Lycaena,  s.  ;  {b) 
Sphinges :  (16)  Sesia  asiliformis,  Rott.,  8. ;  (17)  Zygsena  camiolica,  Esp.,  ab.  ; 
(c)  Nocttus :  (18)  Euclidia  glyphica,  L.,  8.  Four  additional  visitors  {Lepi- 
doptera)  are  recorded  in  No.  590, 11. 

95.  Medicago  lupulina,  L. — The  flowers  of  this  species, 
whose  upper  stamens  seem  to  possess  very  little  elasticity,  are 
exceedingly  minute  but  yet  attract  many  diligent  visitors. 

A  Hymenoptera — Apida:  (1)  Apis  mellifica,  L.  5»  ^-j  very  freq.  (It  in 
characteristic  of  the  honey-bee  that  it  does  not  disdain  even  this  flower's  tiny 
store  of  honey.  The  whole  inflorescence  is  pulled  down  by  the  weight  of  the 
bee,  which  then  sucks  the  flowers  head  downwards.  It  sucks  a  few  flowers,  at 
most  four,  on  one  inflorescence,  and  then  flies  away  to  another  plant  of  the  same 
species ) ;  (2)  Andrena  convexiuscula,  K.  9  >  8. ;  (3)  A.  xanthura,  K.  9  >  c-P-  J 
(4)  Halictus  flavipes,  K.  9>  c-P-  ;  (S)  Bombus  agroruni,  F.  9  9,  e.  B. 
Diptera — Conopida:  (6)  Myopa  buccata,  L.,  s.  ;  (7)  M.  testacea,  L.,  h. 
C.  Lepidoptera — Rhopalocera :  (8)  Thecla  rubi,  L.  9 »  s- 

Darwin  also  saw  M.  luptdina  visited  abundantly  by  bees.  He 
found  the  plants  very  much  less  fertile  when  protected  from  insects 
by  a  net. 

96.  Melilotus  officinalis,  Willd.—Themechanism  of  the  flower 
resembles  that  of  Trifolium  repcns,  with  certain  slight  variations. 

The  calyx  is  much  shorter  (only  2  mm.  long)  and  at  the  same 
time  wider,  thus  admitting  insects  with  shorter  tongues  to  tlio 
honey,  and  also  giving  greater  range  of  movement  to  the  petals. 
The  alse  and  carina  can  rotate  much  farther  downwards,  since  their 
claws  are  not  adherent  to  the  staminal  column  as  in  T.  rcpciis. 
Their  return  to  their  former  place  when  relieved  from  pressure  is 
insured  by  two  finger-like  processes  (/)  which  replace  the  pouches  of 
T,  repens  at  the  superior  basal  angle  of  the  alae ;  they  grasp  the 
staminal  column  superiorly,  and,  when  the  carin[B  arc  drawn  down, 
they   separate    slightly   but   still   remain   closely  applied   to  the 
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staminal   column   ready   to  spring   back  and   grasp  it  as  firmly 
as   before.      The   stigma    projects   further   beyond    the   anthers 


Pio.  5B,-MeUlotu»  oJUinalit,  WiUd. 

1.— Flower,  from  the  sidft. 

2.— Ditto,  from  above,  after  removal  of  calyx  and  vexillum. 

3.— Ditto,  fh>m  the  aide,  after  depresalon  of  the  aire  and  carina. 

a,  anthers ;  d,  point  of  flexure  of  carina :  e.  depressions  in  the  abe,  whose  inner  surfaces  are 
connected  with  the  outer  surfaces  of  the  carina!  petals  by  fnterdigitation  of  their  cells ;  /,  digitate 
processes  of  the  superior  basal  angles  of  the  ale  ;  p,  column  ;  h  A,  entrances  to  the  honey ;  gr,  style ; 
It,  stigma. 

than   in    T.    repens,   so    that   self- fertilisation    is   rendered   even 
more  unlikely. 

Visitors  :  Hymenoptera — (a)  Apidtr :  (1)  Apis  mellifico,  L.  ?  very  freq., 
8.  and  cp.  ;  (2)  Andrena  dorsata,  K.  9  >  ^  ai^d  c.p. ;  (3)  Heriades  tmncomin, 
L.  ? ,  cp.  ;  (4)  Coelioxys  quadridentata,  L.  (J ,  s. ;  (5)  Osmia  sp. ;  (6)  SphegidcB  : 
(6)  Ammophila  sabulosa,  L.  (J ,  s. ;  (c)  Tenihredinidce :  (7)  Tenthredo  sp., 
vainly  seeking  honey. 

97.  Melilotus  vulgaris,  Willd  {M,  alba,  Thouill.). — This 
species  is  visited  by  the  honey-bee,  which  I  have  found  in 
hundreds  busy  sucking  honey  and  collecting  pollen  on  the  plant : 
also  hjMacropis  laliata,  Pz.,  and  by  Empis  limda,  L. 

98.  Trifolium  repens,  L. — The  floral  mechanism  is  here 
simpler  than  in  Lotus,  and  is  one  of  the  simplest  to  be  found 
among  Fapilionacese.  Stamens  and  pistil  are  inclosed  in  the  carina ; 
when  the  latter  is  pressed  down  they  protrude,  but  they  return 
within  it  when  the  pressure  is  removed,  and  the  pollen  is  thus 
protected  from  the  weather  and  from  robbery.  As  in  all  other 
Papilionaceous  flowers  which  contain  honey,  the  honey  is  secreted 
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by  the  bases  of  the  cohering  stamens,  it  surrounds  the  base  of 
the  ovary,  and  can  only  be  reached  through  two  apertures,  one  on 
either  side  of  the  base  of  the  superior  free  stamen.  An  insect, 
to  reach  the  honey,  must  thrust  its  head  in  beneath  the  vexillum, 
and  must  stand  in  doing  this  upon  the  two  alee.  In  climbing 
on  to  the  alse  and  thrusting  its  head  below  the  vesiDum,  it  forces 
up  the  latter  and  presses  the  alaa  and  carina  down ;  and  the  re- 
productive organs,  protruding  &om  the  carina,  are  forced  up  against 
the  ventral  surface  of  the  insect.     The  organs  all  return  to  their 


former  place  when  the  insect  leaves  the  flower;  and  cross-fertili- 
sation  takes  place  regularly,  since  the  stigma  projects  slightly 
beyond  the  anthers  and  therefore  comes  first  in  contact  with  the 
ventral  aurface-of  the  insect. 

In  addition  to  these  characters,  which  TH/olium.  repena 
possesses  in  common  with  many  other  Papilionaceous  flowers,  the 
following  are  peculiar  to  itself:  (1)  the  arraugements  for  excluding 
certain  short-lipped  insects ;  (2)  the  conditions  of  rotation  of  the 
alae  and  carina ;  (3)  the  provisions  for  bringing  back  the  parts  of 
the  flower  to  their  former  place  when  pressure  is  removed. 

(1)  The  calyx-tube,  which  surrounds  the  claws  of  the  petals 
and  hmits  the  movements  of  the  vexillum  and  alas,  is  only  3  mm. 
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long;   so   that   the   less   specialised  bees,   such  as  Andrena   and 
Halidus,  are  not  shut  out  from  the  honey. 

(2)  The  alae  cohere  with  the  carina  at  one  point  on  each  side 
(c',  2,  3,  Fig.  59),  so  that  both  rotate  upwards  and  downwards 
together;  this  rotation  is  facilitated  by  the  very  thin  and  weak 
claws  of  the  alae  and  carina,  which  adhere  for  the  greater  part  of 
their  length  to  the  stamina  1  tube,  but  are  free  anterioriy.  Since 
the  alae  project  considerably  beyond  the  carina,  they  play  the  part 
of  a  long  lever-arm  in  this  action.  The  long  anterior  end  of  the 
vexillum  has  a  similar  action. 

(3)  The  return  of  the  parts  to  their  original  position  is  brought 
about  chiefly  by  the  vexillum  and  the  alae,  in  addition  to  the  part 
played  by  the  calyx-tube.  The  strong,  broad  claw  of  the  vexillum 
overlaps  the  other  petals  and  the  reproductive  organs,  being 
closely  applied  to  them  above  and  at  the  sides ;  by  its  elasticity  it 
returns  forcibly  to  its  owu  place  after  it  has  been  moved,  and  forces 
the  organs  within  into  their  place  also;  the  anterior  part  of 
the  staminal  column  is  also  kept  in  check  by  the  alae,  whose 
superior  basal  lobes  are  modified  into  two  vesicles  {v)  which  lie  close 
together  upon  the  upper  part  of  the  column. 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  9  >  very  ab.,  s. 
and  c.p.  ;  (2)  B.  pratorum,  L.  9  >  s*  J  (3)  Megachile  Willughbiella,  K.  (J  ;  (4) 
Halictiis  taraatuB,  Schenck,  9,8.;  (5)  H.  maculatus,  Sm.  2 ,  c.p.  ;  (6)  Andrena 
fulvicrus,  K.  ?,8.  B.  Diptera— (a)  Syiyhidce:  (7)  Volucella  bombylans,  L., 
8.  ;  {h)  Conopidce :  (8)  Myopa  buccata,  L.,  s.  ;  (9)  M.  testacea,  L.,  s.  C.  Lepid- 
optera — Rhopalocera :  (10)  Pieris  brassicte,  L.,  8.  Of  these  visitors  it  is  only 
the  bees  that  act  in  the  manner  described  and  effect  cross-fertilisation  regularly  ; 
the  other  visitors  only  do  so  occasionally.     See  also  No.  590,  n.,  and  No.  609. 

The  Dutch  Clover  was  one  of  the  first  Papilionaceous 
flowers  in  which  the  necessity  of  insect-visits  for  full  productive- 
ness was  demonstrated.  Darwin  found  that  when  insects  were 
excluded  by  means  of  a  fine  net  the  plant  was  only  one-tenth 
as  productive  as  when  insects  were  freely  admitted  (152). 

99.  Trifolium  fragiferum,  L. — This  species  agrees  generally 
in  the  characters  of  its  flower  with  T,  repens ;  but  the  flowers  are 
much  smaller,  the  calyx-tube  is  only  2  mm.  long,  and  the  alae  are  bent 
outwards.  I  have  seen  the  hive-bee  visiting  its  flowers  abundantly. 
Though  the  hive-bee  as  a  rule  keeps  very  strictly  to  one  species 
of  flower  for  a  time,  yet,  where  T,  fragifeinim  and  T,  repens  grow 
together,  it  visits  the  flowers  of  both  indiscriminately. 
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100.  Thtfolium  pratesse,  L  — The  honey  lies  at  the  base  of  a 
tube,  9  to  10  mm.  long,  formed  by  cohesion  of  the  nine  inferior 
stamens  with  each  other  and  with  the  claws  of  the  petals ;  it  is 
secreted  by  the  bases  of  the  stameiis,  and  accumulates  in  the  tube 
around  the  base  of  the  ovary.  But  while  in  Trifotium  ^rpens,  as  in 
Lotus  and  most  other  Papilionacese,  only  two  small  openings,  one  on 
either  side  of  the  base  of  the  superior  stamen,  give  access  to  the 
honey,  and  compel  the  bee  to  thrust  its  proboscis  dowu  to  them 
(tutside  the  stamiual  tube,  in  T.  praietise  the  bee's  proboscis,  after 
being  thrust  under  the  vexillum,  imsses  at  once  into  the  staminal 
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tube,  to  which  in  this  case  the  claws  of  the  petals  are  adherent. 
The  insect's  proboscis,  passing  down  the  tube  in  the  middle  line 
superiorly,  would  be  impeded  by  the  -superior  stamen  which  is 
inclosed  in  the  tube  if  this  retained  its  normal  position  ;  but  its  two 
ends  only  are  situated  in  the  middle  line,  and  the  rest  of  the  stamen 
lies  wholly  to  one  aide. 

From  the  anteiior  end   of  the   common   tube   come  off  the 
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various  organs  as  follows :  (1)  The  broad  base  of  the  vexillum, 
which  is  contiauous  with  the  superior  and  lateral  portions 
of  the  tube,  and  even  with  part  of  its  inferior  aspect  by  means 
of  an  expansion  (q)  just  at  the  base  of  the  free  limb.  (2)  The 
base  of  the  carina,  which  is  attached  to  the  inferior  part  of  the 
edge  of  the  tube  in  the  interval  left  by  the  vexillum :  though 
not  half  so  broad  as  the  base  of  the  vexillum,  it  is  broad  and  strong 
enough  to  return  quickly  to  its  place  after  being  bent  downwards. 
(3)  The  two  alae,  whose  flexible  claws  spring  from  the  common 
tube;  the  lamina  of  each  bulges  out  at  its  base  (g)  more 
distinctly  than  in  T.  repens,  to  cover  over  the  top  of  the  staminal 
column  and  help  to  keep  it  and  the  petals  in  their  proper  relative 
positions.  (4)  The  staminal  tube,  which  is  split  superiorly  to 
admit  the  free  tenth  stamen,  and  which  divides  in  the  hollow  of 
the  carina  into  stiflF  filaments  which  curve  upwards  and  are  slightly 
thickened  at  their  ends. 

In  the  midst  of  the  stamens  lies  the  style,  curving  upwards  till 
its  stigma  slightly  overtops  the  anthers. 

If  now  a  bee  inserts  its  proboscis  beneath  the  vexillum,  while 
it  clings  with  its  forelegs  on  to  the  alae  (which  are  coherent  with  the 
carina)  resting  its  middle  and  hind  legs  on  a  lower  part  of  the 
inflorescence,  the  carina  £^nd  alae  are  drawn  downwards,  and  the 
stigmas  and  anthers  are  thrust  up  against  the  under  side  of  the 
bee's  head ;  the  stigma,  standing  highest,  receives  the  pollen 
brought  by  the  bee,  and  instantly  afterwards  the  anthers  dust  the 
bee  with  fresh  pollen.  Cross-fertilisation  is  thus  insured ;  self- 
fertilisation  may  take  place  as  the  bee  draws  back  its  head,  but  is 
probably  neutralised  and  superseded  by  the  immediately  preceding 
cross-fertilisation. 

In  order  to  reach  the  honey  in  this  way,  an  insect  must  possess 
a  proboscis  at  least  9  to  10  mm.  long.  The  pollen  is  accessible  to 
all  insects  which  can  press  down  the  carina ;  and  it  is  clear  that 
bees  when  collecting  pollen  on  the  flower  perform  cross-fertilisation 
as  well  as  when  sucking  honey.  The  red  clover,  like  most  flowers 
whose  honey  lies  more  than  7  to  9  mm.  deep,  is  liable  to  the  attacks 
of  Bombus  terrestris  and  other  insects  which  use  the  holes  that  JS. 
terrestris  has  made.  The  small  flowers  of  clover  become  conspicuous 
by  aggregation  into  heads,  and  contain  very  abundant  honey. 

A.  Hymenoptera — Ajiidw :  (1)  Bombus  silvarura,  L.  ?  (proboscis  14  mm .)  I 
(2)  B.  lapidarius,  L.  9  ?  (10—14)  !  (3)  B.  Rajellus,  111.  9  ?  (10—13) ! 
(4)  B.  agrorum,  F.    9  ?    (10—15)  !  (5)  B.  senilis,  Sm.    9    (14—15)  !    (6)  B. 
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confusus,  Schenck,  9  ?  (12—14)  !  (7)  B.  muscorum,  F.  ?  (13—14)  I  (8)  B. 
fragrans,  K.  ?  (15)  !  (9)  B.  (Apathus)  rupestris,  F.  ?  (14)  !  (10)  B.  vestalis, 
Fourc.  9  (12)  I  (11)  B.  caiiipestris,  Pz.  ?  (10—12)  !  (12)  B.  Barbutellus,  K  2 
(12) !  all  8.,  some  also  c.p. ;  (13)  (Bombus  terrestris,  L.  [7 — 9]),  bites  through 
the  tube  and  so  reaches  the  honey  with  some  delay, — it  has,  however,  the 
advantage  of  obtaining  honey  even  from  unexpanded  flowers ;  (14)  (B.  pratoruui, 
L.  9  [8]),  behaves  in  the  same  way)  ;  (15)  Apis  mellifica,  L.  9  (6)»  usually 
visits  the  red  clover  only  for  its  honey,  which  its  proboscis  is  not  able  to  reach 
in  the  legitimate  manner, — yet  I  have  now  and  then  seen  hundreds  of  honey- 
bees on  a  patch  of  red  clover,  all  busy  collecting  pollen  ;  (16)  Anthophora 
pilipes,  F.  9  (19—20),  s,  !  (17)  Eucera  longicomis,  L.  9  <J  (10),  s.  !  (18) 
Gilissa  leporina,  Pz.  9  (34),  c.p.  !  (19)  Andrena  xanthura,  K.  9  (3),  cp.  ! 
(20)  A.  Schrankella,  Nyl.  9  (4) ;  (21)  A.  fulvicrus,  K.  9  (3i) ;  (22)  A. 
fasciata,  Wesm.  9  3  (3 — 4), — all  three  sought  in  vain  for  honey,  their  collecting- 
hairs  remained  free  from  pollen  ;  (23)  Colletes  fodiens,  K.  9  (^i),  c.p.  !  (24) 
Halictus  flavipes,  K.  9  (2i),  cp. !  (25)  Anthidium  manicatum,  L.  9  ^  (9 — 10), 
8.  !  (26)  Megachile  circumcincta,  L.  9  (11)>  s-  and  cp.  !  (27)  Osmia  senea, 
L.  9  (9—10),  8.  and  cp.  !  (28)  Diphysis  serratulae,  Pz.  9  (7—8)  cp.  !  B. 
Diptera — (a)  BombyliidcB :  (29)  (SystcDchus  sulfureus,  Mikan  [6 — 7]) ;  (b) 
Syrphidoi :  (30)  (Volucella  bombylans,  L.  [7—8]) ;  (c)  Ckmopida :  (31)  (Sicus 
ferrugineus,  L.  [6 — 7]), — I  have  seen  all  these  three  flies  thrusting  their  tongues 
beneath  the'vexillum,  though  their  tongues  are  too  short  to  reach  the  honey  in 
the  legitimate  way).  C.  Lepidoptera — (a)  Rhopalocera :  (32)  Pieris  brassicae, 
L.  (15);  (33)  P.  rapae,  L.  ;  (34)  Vanessa  urticae,  L.  (12) ;  (35)  Satyrus  Megaera,  L.  ; 
(36)  S.  Janira,  L.  ;  (37)  Hesperia  sylvanus,  Esp.  ;  (38)  H.  thaumas,  Hfn.  ;  {b) 
Noctua :  (39)  Plusia  gamma,  L.,  all  s. 

Trifolium  ladium,  Schreb. — The  flower  is  in  like  maimer 
adapted  for  Lepidoptera.  On  the  Alps  I  found  it  visited  by  four 
Apidse  and  eleven  Lepidoptera  (609). 

Trifolium  alpestre,  L. — The  flower  is  similarly  arranged,  and  was 
seen  to  be  visited  by  two  species  of  Apidae  and  nine  Lepidoptera 
( Weit.  Beob,    ii.). 

Kuhn  describes  cleistogamic  flowers  in  Trifolium  (399),  and 
T.  polymorphum  is  cleistogamic  according  to  Darwin  (Forms  of 
Flowers,  2nd  ed.). 

Trifolium  alpinum,  L.,  TpcUlescens,  Schreb.,  and  T.  nivale,  Sieh, 
(T.  pratense,  L.,  var.  nivale),  are  described  in  my  Alpenblumen 
(No.  609). 

101.  Trifolium  arvense,  L.— The  tube  is  hardly  2  mm.  long. 

Visitors :  A.  H3rmenoptera— (a)  ApicUe :  (1)  Apis  mellifica,  L.  9  ;  (2) 
Bombus  Rajellus,  111.  ?  9 ,  very  freq.  ;  (3)  B.  lapidarius,  L.  §  ;  (4)  Cilissa 
leporina,  Pz.  $  ;  (5)  Andrena  xanthura,  K.  ?  ;  (6)  Halictus  zonulus,  Sm.  ?  ; 
(7)  H.  quadricinctus,  F.  ?  ;  (8)  Colletes  maiginata,  Sm.  ^  ;  (9)  Diphysis 
serratulae,  Pz.  (J;  (10)  Osmia  ceementaria,  (Jerst.  ^  (Thur.)  ;  (11)  Megachile 
maritima,  K.  <J,  all  sucking  only  ;  (b)  Sphegidce:  (12)  Psammophila  affinis, 
K.  $ ,  8.     B.  Lepidoptera— (13)  Hesperia  thaumas,  Hufn.,  s. 
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102.  Trifolium  RUBENS,  L.  (Thuringia,  Rehmberg  near 
Muhlberg). — This  species  shows  certain  adaptations  for  Lepi- 
doptera  as  well  as  for  bees ;  I  have  found  it  visited  by  six  species 
of  Bombus  and  Anthophora,  and  by  seven  species  of  Lepidoptera. 

103.  Trifolium  filiforme,  L  : — 

Visitors  : — Apida :  (1)  Apis  mellifica,  L.  $ ,  s.  ;  (2)  Halictus  albipes,  F.  ^ 
8. ;  (3)  H.  cylindricus,  F.  2 ,  c.p.     Lepidoptera  :  (4)  Lycssnk  aegon,  8.V.S. 

104.  Trifolium  medium,  L.  : — 

Visitors :  Apidce :  (1)  Andrena  dorsata,  K.  ? ,  c.p.  ;  (2)  Bombus  agrorum, 
F.  ? ,  sucking  normally.   Eleven  additional  visitors  are  recorded  in  No.  590, 11. 

106.  Trifolium  procumbens,  L.  : — 

Visitors :  AjAdce :  (1)  Apis  meUifica,  L.  9 ,  s. ;  (2)  Halictus  flavipes, 
K.  ? ,  s.    Five  additional  visitors  are  recorded  in  No.  590, 11. 

106.  Trifolium  montanum,  L. — I  have  found  this  species 
visited  in  Low  Germany  by  four  Apidse,  one  Sphegids^  and  four 
Lepidoptera  (590,  ii.) ;  on  the  Alps  by  eight  Apidse  and  eight 
Lepidoptera  (609).  Besides  the  adaptations  to  bees  usual  in 
Papilionaceae,  it  shows  an  adaptation  to  cross-fertilisation  by 
Lepidoptera,  the  closely  folded  vexillum  bringing  the  insect's 
proboscis  in  contact  with  the  stigma  and  anthers. 


Genistece. 

107.  LupiNUS  luteus,  L. — The  flowers  of  Lupinus  luteus,  like 
those  of  Ononis  spinosa,  are  devoid  of  honey  and  are  provided 
with  a  piston  apparatus ;  they  present  the  following  peculi- 
arities:— The  alae  are  coherent  with  one  another  at  the  an- 
terior border,  and  each  possesses  a  lateral  fold  near  its  base,  fitting 
into  a  depression  in  the  carina.  They  surround  the  carina  as  in 
Lotus,  but  are  flat  instead  of  being  strongly  convex,  and  since  the 
sides  of  the  vexillum  are  bent  backwards  the  flower  is  more  con- 
spicuous from  the  side  than  from  the  front.  The  division  of  labour 
which  began  to  be  marked  in  Ononis  between  the  two  whorls  of 
stamens,  one  whorl  producing  the  pollen,  the  other  pressing  it 
forwards,  is  much  more  complete  in  Lupinus  (1,  2,  Fig.  61).  The 
anthers  of  the  five  outer  stamens  are  much  larger  than  those  of 
the  inner ;  they  dehisce  within  the  bud,  while  the  others  are  much 
shorter  and  very  far  from  maturity  (1,  Fig.  6J);  and  then  after 
placing   their    pollen   in   the   apex   of    the  carina,   they   wither 
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completely,  and  remain  in  the  wide  lower  part  of  the  caiina 
(2,  Fig.  61).  The  five  inner  anthers  now  begin  to  grow  rapidly,  and 
squeeze  the  pollen  in  the  point  of  the  carina  more  by  means  of  their 
anthers,  which  remain  spherical,  than  by  the  thickened  ends  of 
their  filaments;  they  thus  do  the  work  of  a  piston,  except  the 
superior  stamen  (1),  which  remains  inferior  to  the  others  in  lei^h 
and  thicknes-s.- 


The  spherical  stigma  is  surrounded  at  its  base,  like  that  of  tin- 
Laburnum,  by  a  ring  of  stiff  erect  hairs  which  prevent  or  limit  the 
application  of  its  own  pollen. 

I  have  noticed  only  the  following  visitors : — 

Hymenoptera— idpirfa ;  (1)  Apia  mellifico,  L.  9,  ab.,  c,p.  j  (2)  BombiiH 
lapidariug,  L.  ? ,  scarce,  cp. ;  (3)  Megachile  circumcincta,  K.  9 1  c-P- 

The  flower  of  Lupinus  alhus  differs  in  certain  points  from  the 
preceding  species  (cf.  Delp.  178,  pp.  46,  47). 

Ltipinus,  8p, — Mr.  Swale  observed  that  in  New  Zealand  cultivated 
varieties  of  Lupinus  were  unfertile  unless  he  released  the  stamens 
with  a  pin.  In  England,  according  to  Darwin,  the  Lupines  are 
fertilised  by  humble-bees,  not  by  hive-bees  (152). 

108.  Genista  TINCTOBIA,  L. — In  the  young  bud  the  ten  stamens 
are  distinctly  seen  to  form  two  whorls  (1,  Fig.  62).  The  five 
anthers  of  the  out#r  whori  (2,  4,  6,  8,  10  in  1,  Fig.  62),  overtop 
those  of  the  itmer,  and   the  four  superior  ones  are  the  first  to 
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ripen.  Id  the  bud,  they  are  already  on  the  point  of  dehiscing,  while 
those  of  the  inner  whorl  have  attained  scarcely  a  quarter  of  their 
full  size.  The  ten  stamens,  and  the  style,  which  projects  far  beyond 
them,  are  all  inclosed  by  the  carina,  whose  two  petals  cohere  along 
both  their  upper  and  lower  margins.  As  the  four  superior  anthers 
of  the  outer  whorl  dehisce  introrsely  and  tlien  wither,  their  pollen 
remains  lying  above  the  style,  which  courses  along  the  lower  edge  of 
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the  carina,  and  it  gets  pushed  forwanl  into  the  apex  of  the  still 
elongating  carina  by  the  inner  stamens  which  quickly  extend 
beyond  the  now  empty  outer  stamens.  The  inferior  stamen  of 
the  outer  whorl  (6  in  1,  Fig.  62),  which  lies  immediately  below  the 
style,  remains  closed  when  the  other  four  dehisce,  and  it  grows  to  the 
same  length  as  the  five  inner  stamens  and  dehisces  with  them. 
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If  it  dehisced  along  with  the  other  four  stamens  of  its  own 
whorl  and  then  withered,  its  pollen  would  lie  useless  in  the  lower 
part  of  the  carina,  a  little  in  front  of  its  middle  point,  and  would 
never  be  pressed  forward ;  but  since  it  grows  to  the  same  length  as 
the  inner  stamens  and  dehisces  simultaneously  with  them,  its 
pollen  unites  in  great  part  with  that  of  the  two  neighbouring 
stamens  (5  and  7  in  1,  Fig.  62),  and  is  heaped  with  it  above  the 
style. 

The  inner  whorl  of  stamens  and  the  inferior  stamens  of  the 
outer  whorl  dehisce  and  wither  a  short  time  before  the  vexillum 
expands.  The  position  which  the  organs  occupy  at  this  time 
within  the  carina  may  be  easily  seen  by  holding  the  carina  up  to 
the  light,  and  is  represented  in  2,  Fig.  62. 

The  carina  still  forms  a  much  compressed  sheath,  closely 
surrounding  the  style  and  the  pollen  of  all  the  ten  stamens  which  is 
heaped  above  it.  It  is  kept  horizontal  by  the  action  of  two  equal 
and  opposite  forces.  The  column  of  stamens  with  the  contained 
style  possesses  a  tension  upwards,  so  that  if  it  be  freed  from  the 
surrounding  petals  it  springs  up  close  to  the  perpendicular  vexillum. 
The  claws  of  the  alae  and  of  the  two  petals  which  form  the  carina 
possess  a  downward  tension,  and  if  the  upward  pressure  of  the  style 
is  removed,  they  suddenly  bend  downwards  and  place  the  alae  and 
carina  in  a  vertical  position.  The  alse  are  kept  in  connection 
with  the  carina  by  means  of  a  bulging  protuberance  at  the  base 
and  near  the  upper  border  of  each  (A',  3,  5,  6),  which  Ues  in  the 
angle  between  the  upper  border  of  the  carina  and  another  pro- 
tuberance directed  outwards  and  upwards  from  each  half  of  the 
carina  near  its  base  (A,  7). 

The  opposite  tensions  balance  one  another  so  long  as  the  upper 
borders  of  the  carina  cohere  together  (ti,  5)  and  the  pouched  lobes  of 
the  alae  (m,  5)  meet  one  another  above  the  staminal  column. 

As  soon,  however,  as  an  insect  places  its  feet  upon  the  alae  and 
thrusts  its  head  beneath  the  vexillum,  the  pouched  lobes  of  the  ala:^ 
slip  down  below  the  staminal  column  (m,  6)  ;  at  the  same  time  the 
union  between  the  upper  borders  of  the  carina  is  ruptured  from 
behind  forwards  by  the  pressure  of  the  essential  organs  in  its  posterior 
part,  and  as  soon  as  the  splitting  reaches  the  tip  of  the  style  the 
two  opposite  forces  are  set  free,  and  the  staminal  column  springs 
upwards  while  the  alae  and  carina  spring  downwards.  If  we  hold 
the  flower  in  one  hand,  and  press  down  the  tip  of  the  carina  with 
a  needle  or  a  pencil-point,  we  see  clearly  the  split  spreailing 
forwards,  and  the  pouched  lobes  of  the  alae  separating,  so  that  the 
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flower  passes  from  the  young,  closed  state  (Fig.  62,  5)  to  the  half- 
opened  state  (Fig.  62,  6) ;  if  we  press  a  little  harder,  the  split 
passes  forward  beyond  the  tip  of  the  style  (Fig.  62,  8),  and  in  the 
same  instant  the  column  flies  upwards  to  the  vexillum,  scattering 
a  cloud  of  pollen,  and  the  ate  and  carina  spring  down  into  the 
vertical  position. 

If  an  insect  performs  the  above  operation  while  standing  on  the 
ala?  and  thrusting  its  head  beneath  the  vexillum,  the  column  is  pre- 
vented from  springing  up  to  its  full  height ;  it  cannot  scatter  a  cloud 
of  pollen  into  the  air,  but  the  ascending  style  forces  its  stigma  and 
instantly  afterwards  the  mass  of  pollen  against  the  under  side  of 
the  insect.  If  the  insect  has  been  dusted  with  pollen  in  a  pre- 
viously visited  flower,  cross-fertilisation  is  thus  effected  ;  if  not,  the 
stigma  is  dusted  with  its  own  pollen  as  the  insect  creeps  backwards 
out  of  the  flower.  Whether  self-fertilisation  occurs  in  absence  of 
insects  is  a  point  that  has  still  to  be  settled  by  experiment. 
Specimens  with  young  virgin  flowers  which  I  left  standing  in 
water  for  over  fourteen  days  withered  without  either  exploding 
or  producing  seed. 

Since  the  flowers  contain  no  honey,  and  expend  all  their  pollen  in 
a  single  explosion,  after  which  the  staminal  column  and  style  are 
concealed  by  the  vexillum  which  closes  over  them  as  in  the  bud, 
they  can  only  offer  attractions  for  pollen-collecting  insects,  viz. : 
female  bees  busy  with  the  care  of  their  young  ;  and  even  these  are 
only  permitted  a  single  visit.  The  flowers,  however,  are  visited  by 
very  various  insects,  which  fly  away  after  a  vain  attempt  to  obtain 
pollen  or  honey.  I  observed  the  following  visitors  in  sunny  weather 
in  July,  1869,  on  a  stretch  of  land  covered  with  G,  tinctoria  near 
Brilon  and  Warstein  : — 

A.  Hymenoptera — (a)  Apida^ ;  (1)  Megachile  circumcincta,  K.  ? ,  very  ab., 
c.p. ;  (2)  M.  centuncularis,  L.  ?,  very  ab.,  c.p., — the  males  occasionally  seek 
in  vain  for  honey  ;  (3)  M.  villosa,  Schenck,  ? ,  one  specimen,  c.p.  ;  (4)  M. 
versicolor,  ?m.  $ ,  freq.  ;  (5)  M.  Williighbiella,  K.  ^  ;  (6)  Diphysis  serratulae, 
Pz-  6f  (7)  Anthidium  punctatum,  Latr.  (J,— the  last  three  come  in  vain 
search  for  honey  ;  (8)  Apis  mellifica,  L.  9  >  ab.,  c.p.  ;  (9)  Bombus  terrestris, 
L.  ?  ,  scarce,  c.p.  ;  (10)  Colletes  Davieseana,  K.  ? ,  c.p.  ;  (11)  Andrena  albicrus, 
K.  (J;  (12)  A.  fulvescens,  Sm.  (J,— both  vainly  seeking  honey;  (13)  A. 
xanthura,  K.  ^  *»  (I'*)  -A.,  fulvicrus,  K.  ?  ;  (15)  Halictus  nibicundus,  Clir.  ?  ; 
(16)  H.  albipes,  F.  ?  ;  the  last  four  scarce,  c.p.  (all,  including  the  honey- 
seeking  males,  caused  the  flowers  to  explode,  and  effected  cross-fertilisation),  (b) 
VespidfB:  (17)  Odynerus  trifasciatus,  F.  ?.  B.  Diptera— (a)  Conopidee:  (18) 
Sicus  ferrugineus,  L.  ;  (19)  Myopa  testacea,  L.  ;  (b)  Syrphidm :  (20)  Chryso- 
toxum   bicinctum,  Jj     C.    Lepidoptera — Ehopalocera :  (21)  Satyrus  Megcera, 
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L. — the  last  five  obtained  neither  honey  nor  pollen,  and  did  not  cause  the 
flowers  to  explode.  D.  Coleoptera — Chrysomelidce :  (22)  Cryptocephalus 
sericeus,  L.  ;  (23)  Cr.  vittatus,  F. ;  (24)  Cr.  moraei,  L.,  feeding  on  the  tissues  of 
the  flower.     Four  additional  visitors  are  recorded  in  No.  590, 11. 

This  list  is  of  special  interest,  as  it  shows  that  flower-loving 
insects  do  not  restrict  themselves  by  hereditary  instinct  to  those 
flowers  which  are  most  useful  to  them,  but  that  they  search  widely 
for  their  food  in  flowers,  and  so  very  often  seek  in  vain. 

Of  the  poUen-coUecting  bees,  those  with  abdominal  collecting- 
brushes  have  the  easiest  work,  since  the  explosion  of  the  flower 
forces  the  pollen  directly  on  to  the  collecting-hairs ;  they  are  also 
the  most  useful  to  the  plant,  as  they  fly  from  flower  to  flower  with 
least  loss  of  time. 

109.  Genista  anglica,  L. — In  this  species  the  opposed 
tensions  of  the  column  on  the  one  hand  and  the  aloe  and  carina  on 
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Kiu.  63.— (i^MMfa  anglica,  L. 

1.  — Ytmng  (virgin)  flower,  firom  tlie  side. 

•J.— Ditto,  from  the  front. 

.^.— Inner  view  of  right  ala. 

4.— Exploded  flower;  the  style  is  les.s  recurved  tlian  uhuuI. 

5.     Exploded  fljjwer  from  the  left ;  a  more  normal  specimen  than  4. 


the  other  are  much  less  marked.  When  the  flower  explodes,  the 
cjiriua  and  alae  move  only  a  short  way  downwards,  and  the  whole 
column  does  not  bend  upwards,  but  only  the  style,  whose  tip  curves 
inwards  also.  The  only  visitors  that  I  have  noticed  are  bees  with 
tibial  and  femoral  collecting-baskets.  But  it  would  be  premature 
to  conclude,  even  in  the  case  of  G.  tinctoria^  that  because  its 
flowers  are  chiefly  plundered  and  fertilised  by  bees  with  abdominal 
brushes,  they  have  been  specially  adapted  only  for  those  bees. 

I  had  a  most  favourable  opportunity  of  watching  the  actions 
of  the  hive-bee  on  flowers  of  G.  anglica  one  sunny  morning, 
May  3,  1871.     It  was  the  first  sunshine  after  long-continued  rain, 
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and  so  all  the  flowers  were  still  unfertilised.  The  bees  flew 
humming  from  one  flower  to  another,  clung  by  their  legs  to  the 
alae,  and  thrust  their  heads  with  outstretched  proboscis  beneath 
the  vexillum  while  the  abdomen  hung  down.  While  the  head 
and  its  proboscis  were  thus  placed  just  as  if  they  were  sucking 
honey  from  the  base  of  the  flower,  the  mid  legs  were  in  active 
movement,  scraping  pollen  into  the  baskets  on  the  hindlegs.  On 
May  14,  1871,  I  again  watched  the  hive-bee  at  workj  when  most 
of  the  flowers  had  now  exploded.  A  single  bee  flew  on  to  ten  or 
twenty  plants,  whose  flowers  had  all  been  fertilised,  without 
stopping  on  any  flower.  At  last  it  found  a  young  unfertilised 
flower,  on  which  it  eagerly  descended.  This  long  search  and 
occasional  descent  upon  young  unfertilised  flowers  was  frequentl} 
repeated ;  but  sometimes  I  saw  a  bee,  after  seeking  in  vain  for 
young  flowers,  settle  on  an  old  exploded  one,  and  insert  its  pro- 
boscis as  if  the  flower  contained  honey.  Sometimes  also  I  saw  a 
hive-bee  visit  a  young  flower  without  causing  it  to  explode. 

Besides  the  hive-bee,  I  have  only  seen  Andrena  fulviorus, 
K.  9i  A,  nif/ro-aenea,  K.  9 ,  and  Halictus  cylindricus,  F.  ? ,  collecting 
pollen  on  this  plant,  all  very  frequently. 

110.  Genista  pilosa,  L. — The  mechanism  of  this  flower  is  like 
that  of  G.  anglica.  It  has  been  thoroughly  described  by  Delpino, 
who  found  the  plant  sterile  to  its  own  pollen  (178,  360).  I  have 
only  seen  the  honey-bee  collecting  pollen  on  it. 

111.  Cytisus  Laburnum,  L. — In  the  flowers  of  Cytisits  La- 
l/umuniy  as  in  those  of  Melilotus  and  Trifolium,  the  reproductive 
organs  simply  emerge  from  the  carina  and  return  within  it.  The 
connection  of  the  alse  with  the  carina  is  not  a  firm  one,  being 
formed  simply  by  a  shallow  bulging  depression  in  each  ala  (e,  1) 
which  fits  into  a  corresponding  depression  on  the  side  of  the 
carina ;  yet  this  is  quite  suflficient,  as  a  slight  pressure  suffices  to 
depress  the  alae  and  carina.  The  elasticity  of  the  carina  is  small ; 
it  is  sufficient  to  bring  the  carina  back  to  its  original  place  after 
repeated  slight  depressions,  but  not  sufficient  if  the  carina  be 
pressed  far  down.  Accordingly,  after  repeated  visits  of  humble- 
bees  the  essential  organs  protrude  freely  from  the  slit. 

The  flowers  are  characterised  by  a  peculiar  kind  of  proteran- 
drous  dichogamy.  Immediately  before  the  bud  expands,  the  stigma 
lies  in  the  apex  of  the  carina  surrounded  by  transparent,  stiff,  erect 
hairs ;  these  overtop  the  stigma,  and  in  the  young  flower  they 
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bend  over  its  papillat  surface,  protecting  it  from  immediate  con- 
tact with  the  iusect-viaitor.  Gradually  these  hairs  wither,  so  that 
in  older  flowers  the  stigmatic  papillse  are  freely  exposed  (5,  Fig.  64), 
and  at  the  same  time  the  st^'le  bends  more  and  more  inwards,  so 
that  the  stigma  protrudes  farther  and  farther  from  the  carina. 
Cross-fertilisation  is  thus  insured  and  self-fertilisation  prevented 
in  case  of  insect-visits,  while  spontaneous  self- fertilisation  is  also 
prevented  in  absence  of  insects. 

The  most  remarkable  peculiarity  in  the  flowers  of  the  La- 
burnum is  that,  like  those  of  Orchis  metscula,  0.  mono,  &c.,  they 
only  supply  nectar  inclosed  in  cellular  tissue.  The  ordinary 
secretion  of  honey  and  the  ordinary  means  of  access  to  the  honey 


iire  here  wanting,  and  the  stjiuieus  arc  niouadelphou.s ;  but  in 
front  of  the  point  of  attachment  of  the  vexillum  is  a  thick,  fleshy 
swelling,  so  rich  in  honey  that  if  a  fine  glass  tube  be  inserted  in  it 
a  column  of  clear  fluid  ascends  the  tube.  The  vexillum  is  marked 
witli  dark  lines  pointing  towards  the  base  of  the  flower,  which  can 
only  be  interpreted  as  pathfinders,  and  an  insect's  proboscis  inserted 
beneath  the  vexillum  comes  without  fail  to  the  nectary.  I  have 
seen  both  bees  and  butterflies  inserting  their  tongues  into  numerous 
flowers  in  succession,  spending  some  time  on  each  ;  the  bees  had 
their  pollen-baskets  empty,  and  were  therefore  not  engaged  in 
«)Ilecting  pollen.  It  seems  therefore  impossible  to  doubt  that  tlie 
swelling  at  the  base  of  the  vexillum  is  actually  pierced  by  bees 
and  butterflies  for  the  sake  of  its  .secretion. 
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A.  Hymenoptera — Apidas :  (1)  Bombiis  lapidariusi,  L.  ?  9  >  sometimes  s., 
Bometimes  c.p.  ;  (2)  B.  terrestris,  L.  ? ,  s.  ;  (3)  Andrena  atriceps,  K.  *?  (J ,  s.  ; 
(4)  A.  albicans,  K.  ?,  c.p.  ;  (5)  A.  xanthura,  K.  ?,  c.p.  ;  (6)  Apis  mellifica, 
L.  9 ,  c.p.,  very  ab.  B.  Lepidoptera — NoctucF :  (7)  Pliisia  gamma,  L.,  s.,  freq* 
C.  Coleoptera — Nitidulidm:  (8)  Meligethea,  creeping  about  within  the 
flowers. 

Cytisus  sagittalis,  Koch,  is  visited  by  bees  only  ;  I  have  noted 
eight  different  species  upon  its  flowers  (590,  II.). 

In  Cytisus  canariensis,  L.,  and  C.  albtts,  Link.,  according  to 
Hildebrand,  the  carina  bends  down  slightly  under  pressure,  and 
the  anthers  and  style  first  move  slightly  downwards  with  it,  and 
then  spring  upwards  so  that  the  pollen  flies  out  and  part  of 
it  is  applied  without  fail  to  the  stigma  (No.  346).  It  is,  however, 
hardly  conceivable  that  such  an  action  effected  by  insects  should 
lead  only  to  self-fertilisation. 

112.  Cytisus  (Sarothamnus)  scoparius,  Koch. — The  flowers, 
like  those  of  our  species  of  Genista,  are  explosive  and  devoid  of  honey. 
Darwin  noticed  that  the  flowers  do  not  explode  spontaneously,  and 
scarcely  set  a  single  capsule  if  protected  from  insects ;  but  that 
when  an  insect  visits  the  flower,  first  the  short  stamens  explode,  dust- 
ing it  with  pollen  below,  then  the  longer  stamens,  dusting  it  above, 
and  that  finally  the  pollen  applied  to  the  under  side  of  the  insect 
by  the  shorter  stamens  fertilises  those  stigmas  which  are  not 
covered  with  pollen  at  the  moment  of  explosion. 

I  have  observed  the  w^ay  in  which  insects  operate  on  the  flower 
most  closely  in  the  case  of  the  hive-bee.  The  bee,  on  alighting^ 
grasps  the  alae  with  its  mid  and  hindlegs,  thrusting  its  forelegs  and 
head  below  the  middle  of  the  vexillum.  The  alae  and  with  them 
the  carina  are  thus  pressed  forcibly  down,  and  the  united  upper 
margins  of  the  carina  split  asunder  from  behind  forwards.  [The 
alae  are  connected  with  the  carina  by  means  of  a  fold  (/,  46)  which 
catches  in  the  angle  between  the  upper  edge  of  the  carina  and  the 
sharp  pouched  protuberance  at  its  side  (/,  4,  4c,  6)].  As  soon  as 
the  split  has  extended  midway,  the  five  shorter  stamens  spring  out ; 
they  had  dehisced  in  the  bud,  pressing  their  pollen  against  the 
closed  upper  edge  of  the  carina  (5,  Fig.  65),  and  now  they  force 
part  of  their  pollen  against  the  under  side  of  the  bee.  The  shock 
is  not  enough  to  drive  the  bee  away ;  at  most  it  pauses  for  a 
moment,  and  then  resumes  work  with  increased  diligence.  The 
split  now  quickly  extends  further,  and  it  has  scarcely  reached  the 
place  where  the  tip  of  the   style  lies  than  a  second  and  much 
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more  violent  explosion  occurs.  The  style  lies  until  this  second 
explosion,  along  the  lower  part  of  the  caiina,  and  its  flattened 
terminal  part  lies  in  the  apex  of  the  carina  above  the  longer 
anthers  which  have  long  since  dehisced;  when  freed  from 
restraint  it  curls  inwards,  forming  more  than  a  complete  spiral 
turn  (7,  Fig.  65).     As  soon  as  the  split  extends  to  the  point  where 
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Fiu.  65. — Stu^otkamnus  acopariuM,  Koch. 

1. — Young  (virgin)  flower,  from  the  side. 

2. — Ditto  ;  the  vexillum  is  rather  more  erect,  and  shows  the  pathfinder. 

8. — Ditto,  after  removal  of  the  vexillum,  from  above. 

4. — Ditto,  after  removal  of  the  alse  also. 

45. — Left  ala,  from  the  inside,  showing  the  concavity  /,  which  resta  upon  the  convexity  /'  of  the 
carina. 

Ae. — The  convex  swelling  of  the  carina,  viewed  fh>m  the  front. 

5. — Position  of  tlie  essential  on^ns  in  the  young  flower. 

6  — Flower  after  explosion  of  the  sliort  stamens,  from  the  side ;  the  vexillum  an<l  altr  have  been 
removed. 

7. — Position  of  the  parts  after  complete  explosion. 

R— Staminal  tube,  slit  open  immediately  to  the  right  of  the  superior  median  stamen  (1). 

ft. — Bnd  of  the  style,  from  within. 

f)!,  flattened  portion  which  exp<>ls  the  pollen  ;  n,  stigma. 


the  end  of  the  style  lies,  the  style  springs  up,  striking  the  back  of 
the  bee  witli  its  stigmatic  tip;  almost  4n  the  same  instant,  tlie 
greater  part  of  the  pollen  carried  away  by  the  expanded  end  of 
the  style  is  shed  upon  the  bee's  back,  and  at  the  same  time  the 
long  stamenS;  to  which  some  pollen  still  adheres,  curi  inwards  and 
issue  from  the  flower.  When,  as  often  happens,  tlie  bee  is  so  held 
that  the  stigma  cannot  slip  off  at  the  side  but  remains  pressed 
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against  its  back,  it  stays  for  some  seconds  motionless  as  though 
stunned,  and  then  turns  round,  freeing  itself  from  the  style, 
and  begins  to  gather  pollen  upon  the  anthers  with  its  mouth 
and  legs. 

The  behaviour  of  humble-bees  is  on  the  whole  similar  to  that 
of  the  hive-bee.  But  while  the  hive-bee  is  only  strong  enough 
to  cause  the  flower  to  explode,  oft<5n  causing  only  the  shorter 
stamens  to  escape,  humble-bees  are  able  easily  to  force  open  any 
flower  in  which  the  vexillum  has  become  erect ;  and  they  may  be 
seen  not  unfrequently  to  break  open,  though  with  considerable 
effort,  flowers  in  which  the  alae  are  still  inclosed  by  the  vexillum. 

Cross-fertilisation  is  insured,  since  the  stigma  is  always  mature 
in  flowers  capable  of  exploding,  and  since  the  bee*s  back  is  always 
to\iched  by  the  stigma  an  instant  before  the  fresh  pollen  is  applied 
to  it.  And  even  the  flower  to  which  the  bee  pays  its  first 
visit,  and  whose  stigma  is  not  jx>llinated  in  the  first  instance,  has 
a  fair  chance  of  being  fertilised  subsequently,  as  the  style  curls 
round  so  far  as  to  bring  the  stigma  again  uppermost.  A  second 
visitor  can  therefore  eiusily  apply  pollen  to  it  from  the  same  or  from 
another  flower,  and  the  flower  is  certain  to  be  again  visited.  I 
have  only  occasionally  seen  hive-bees  and  humble-bees  visit 
exploded  flowers,  but  the  pollen  that  they  leave  is  gleaned  by  the 
smaller  bees,  flies,  and  beetles,  which  are  not  strong  enough  to 
force  open  the  young  flowers.  I  have  found  females  of  Andrena 
fulvicrus,  K.,  Halicttcs  zo7ivlus,  Sm.,  and  Osniia  fusra,  Chr.,  busily 
collecting  pollen  on  exploded  flowers ;  Rhin{/ia  rostrata  and  the 
beetles  Meligethes  and  Anthobium  are  often  to  be  seen  feeding  on 
these  remnants  of  pollen.  There  is  no  doubt  that  many  flowers 
of  Sarothamnus,  which  have  been  exploded  by  bees  not  yet  dusted 
with  pollen,  are  fertilised  by  such  supplementary  visitors.  The 
shorter  stamens  which  apply  their  pollen  to  the  under  sides  of  bees 
or  of  Rhingia,  and  the  position  of  the  stigma  after  explosion  when 
it  also  is  liable  to  come  in  contact  with  the  under  surfaces  of 
insects,  stand  in  close  relation  with  this  supplementary  process  of 
fertilisation. 

In  the  Broom  as  in  Laburnum,  the  vexillum  is  marked  in  its 
lower  part  by  dark  lines  coursing  towards  the  base  of  the  flower. 
If  the  flower  contained  honey,  these  lines  could  only  be  explained 
as  pathfinders,  but  here  the  flowers  have  neither  any  free  honey 
nor  a  nectariferous  swelling  sucli  as  exists  in  and  round  the  in- 
sertion of  the  vexillum  in  Laburnum.  In  this  case  the  dark  lines 
may  either  be  a  useless  inheritance  from  ancestors  whose  flowers 
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contained  honey,  or  else  they  may  be  of  use  to  the  plant  by  leading 
bees  which  visit  it  for  the  first  time  to  expect  honey  and  accord- 
ingly to  perform  the  actions  necessary  for  exploding  the  flower. 
When  the  explosion  occurs,  the  bee  finds  its  hopes  of  honey  gone, 
but  its  labour  is  repaid  by  such  an  abundant  store  of  pollen  that 
it  proceeds  to  visit  other  flowers  merely  to  collect  pollen. 

Visitors :  A.  Hymenoptera — Apida :  (1)  Apis  mellifica,  L.  $  !  very  ab. ; 
(2)  Bombus  lapidarius,  L.  ?  !  (3)  B.  terrestris,  L.  ?  !  both  ab.  ;  (4)  B.  agroruniy 
F.  9  I  (5)  B.  hortorum,  L.  ?  !  (6)  Andrena  fulvicrus,  K.  ?  ;  (7)  Halictus 
zonulus,  Sni.  ?  ;  (8)  Osmia  fusca,  Christ.  9,  all  c.p.  (those  marked  (I)  forced 
the  flowers  open).  B.  Diptera — Syrphidce :  (9)  Rhingia  rostrata,  L.,  f.p.,  ab. 
C.  Coleoptera — (a)  Staphylinidce :  (10)  Anthobiiim,  f.p.  ;  (6)  Nitidulidce :  (11) 
Meligethes,  f.p. 

Ulex  europcBus,  L.,  has  explosive  flowers,  which,  according  to 
Dr.  Ogle's  description,  agree  essentially  with  those  of  Genista 
tindoria  (633). 

Amoiyha  fruticosa,  L.,  and  A,  canescens,  Nutt. — The  carina  and 
alae  are  abortive  ;  the  stamens  and  style  are  exserted.  The  small 
flowers,  devoid  of  a  platform  for  insects,  are  arranged  in  a  spike,  on 
which  bees  can  easily  creep  from  flower  to  flower.  The  flowers  are 
proterogynous,  with  persistent  stigmas.  They  are  cross-fertilised, 
according  to  Beal,  by  bees  and  wasps,  which  work  upwards 
beginning  at  the  bottom  of  the  spike  (41,  178,  590,  II.). 

Indigofera, — According  to  Hildebrand's  figures  and  descrip- 
tion (346),  the  flowers  are  so  far  explosive  that  the  carina  and 
alae  flap  downwards,  while  the  reproductive  organs  remain  erect ; 
self-fertilisation  takes  place  as  the  flower  withers.  Henslow  (323) 
described  the  flowers  of  /.  S2)€ciosa  with  reference  to  Hildebrand's 
description,  and  maintained  justly  that  their  structure  was  only 
intelligible  on  the  supposition  that  it  led  to  cross-fertilisation. 

/.  Tiiacrostachya,  Vent.,  was  seen  by  Delpino  to  be  visited  by 
Bombus  Italicus  (178). 

113.  CORONILLA  Emerus,  L. — Delpino  has  thoroughly  described 
in  the  case  of  this  flower  the  piston-apparatus  which  we  have 
studied  in  Lotus  comiculatics.  As  visitors  he  observed  Bombus, 
Anthophora  pilijyes,  Eucera  loftgicomis,  and  Xylocopa  vioJacea. 

114.  CORONILLA  VARIA,  L.,  resembles  Lotus  carniculatus  in 
regard  to  its  piston-apparatus,  but  the  flower  contains  no  honey ; 
it  is  nevertheless  diadelphous  (178,  p.  45).  In  Thuringia  I  have 
seen  it  visited  abundantly  by  hive-bees. 

Mr.  T.  H.  Farrer  discovered  that  honey  occurs  on  the  fleshy 
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outer  Hurfuce  of  the  cxilyx.  He  found  that  bees  obtaiued  this 
honey  in  the  following  manner :  they  alighted  on  the  flowers  in 
the  usual  way,  and  inserted  their  toagues  as  usual  beneath  the 
veidllum;  then,  however,  the  proboscis  came  through  the  wide 
interspace  which  is  left  between  the  unusually  narrow  claws  of  the 
petals,  and  so  reached  the  outer  side  of  the  calyx.  The  same  holds 
gocu]  of  Comnilla-  numt'tnn,  S(rop,  ('.  fflniira,  L.,  and  C,  minimn,  L. 

(344). 


I.  aHy%-.  I,  poured  dcpreulon  In  thf  al*.  fltlLnulnto  the  niiTMtiaDtUii^  dcprt*- 
■lonVln  tbeouloi;  u.  ternilnja  nclBce  ur  auini ; /,  teiiUam;/'.  Ill  diw:  fa.  fold  or  sin  wbich 
Ota  Into  the  MimipontHBg  lolifa:  of  the  larliia:^,  Uunnsnt ;  jf.  il*;^,  (;lii¥f  or  aliii  a,  HiFfrior 
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115.  HiPPOCREPiB  COMOSA,  L. — This  flower  resembles  that  of 
Lotus  in  the  way  in  which  the  pollen  is  pumped  out  (178,  360), 
but  it  is  characterised  by  the  peculiar  way  in  which  the  honey  is 
concealed. 

The  claw  of  the  vexiUum  is  so  narrow  and  ao  much  curved  (A) 
that'  one  can  nee  between  it  and  the  staraena.     On  the  under  aide 
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of  its  base  it  bears  a  flattened  triangular  process  {vp.  C  C*)  whicb 
fits  exactly  over  the  nectaries  (A)  and  closes  them  with  considerable 
finuness.  A  bee  visiting  the  flower  can  only  obtain  the  honey  by 
using  the  vexillum  as  a  long  lever  to  rwse  up  this  lid  j  and  to  do 
this  it  must  insett  its  head  beneath  the  vexillum,  and  consequently 
effect  cross- fertilisation. 

On  tlie  Alps  I  observed  various  bees  cross-fertilising  the  plant, 
and  also  numerous  Lepidoptera  which  visited  the  flowers  but  only 
effected  cross-fertilisation  occasionally  (609). 


-K»senli»l  OKHnB,  from  Uie  «1de(x  7). 

cslfi;  t.  carina:  c.  ala:  d.  vcitUoin,  pale  red  wltlidarkfr  Knea  (nnfllAiuln'i):  '.  glawotda  : 


116.  Onobrychis  sativa.  Lam. — The  flower  lias  the  same 
simple  structure  as  we  have  studied  in  the  case  of  MeliJotus  and 
Trifolinm  :  when  the  carina  is  depressed,  the  stigma  and  the  anthers 
(which  dehisced  in  the  bud)  emerge,  and  when  the  pressure  is 
removed  the  carina  springs  up  and  again  incloses  these  organs. 
The  arrangement  in  this  case  is  still  simpler  than  in  the  two 
above-named  genera,  since  the  carina  performs  by  itself  the  func- 
tions which  the  alas  formerly  shared  with  it ;  for  the  alie  are  very 
much  reduced,  only  covering  the  claw  of  the  carina,  and  serving 
t<i  prevent  or  to  render  difficult  the  removal  of  honey  at  either 
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side.  The  carina  alone  forms  the  platform  for  insects  to  alight  on, 
and  the  lever  by  which  its  own  downward  rotation  is  efiFected :  its 
own  elasticity  brings  it  back  to  its  former  position  on  removal  of 
the  pressure. 

Cross-fertilisation  is  insured,  in  case  of  insect-visits,  by  the 
prominence  of  the  stigma,  which  must  touch  the  under  surface 
of  an  alighting  insect  in  advance  of  the  anthers.  In  absence  of 
insects,  self-fertilisation  cannot  occur,  especially  as  the  style  con- 
tinually grows,  so  that  in  older  flowers  it  protrudes  for  a  distance 
of  1  to  1 J  mm.  beyond  the  carina.  The  brightly  coloured  flowers, 
massed  in  racemes,  attract  numerous  insects.  The  calyx-tube  is 
only  2  to  3  mm.  long ;  the  broad  vexillum  ascends  at  a  very  small 
angle  from  the  horizontal,  and  is  the  better  fitted  to  serve  as  a 
fulcrum  against  which  the  bee  may  place  its  head  while  thrusting 
down  the  carina  with  its  legs.  Both  honey  and  pollen  are  thus 
rendered  accessible  to  short-lipped  bees.  In  sunny  weather  the 
flowers  are  the  resort  of  so  many  insects  that  they  can  well 
aflford  to  dispense  with  the  power  of  self-fertilisation. 

Vinitore  :  A.  Hymenoptera — Apidce :  (I)  Apis  mellifica,  L.  §  (6),  8.  and 
c.p.  ;  so  abundant  as  to  make  nine-tenths  of  all  the  visitors  ;  (2)  Bombus  senilis, 
Sni.  ?  (14—15)  ;  (3)  B.  silvarum,  L.  ?  (12—14)  ;  (4)  B.  agrorum,  F.  ?  (12— 
15)  ;  (5)>B.  confiisus,  Schenck,  ?  (12—14)  ;  (6)  B.  terrestris,  L.  ?  (7—9) ;  (7) 
B.  muscorum,  F.  ?  9  (10—14)  ;  (8)  B.  pmtorum,  L.  ?  5  (8— llj).;  (9)  B. 
Scriinshirauus,  K.  ^  • — ''^H  sometimes  suck  honey,  sometimes  collect  pollen  ; 
(10)  B.  (Apathiis)  nipestris,  F.  ?  (12—14),  s.  ;  (11)  B.  Ci^mpestris,  Pz.  9 
(10—12),  s.  ;  (12)  Eiicera  longioornis,  L.  ^J  $  (10 — 12),  s.  and  c.p.  ;  (13)  An- 
divna  labialis,  K.  $  (J,  s.  and  c.p.;  (14)  A.  nigroaenea,  K.  ^  (3);  (15) 
Halictns  albipes,  F.  9  (•^)>  «•  ^^^  ^-P-  J  (16)  H.  flavipes,  F.  9>  8.and  c.p.  ;  (17) 
H.  liigubrLs,  K.  9;  (18)  Megachile  circumcincta,  K.  ?,  s.  and  c.p. ;  (19) 
Osmia  aurulenta,  Pz.  $  (8 — 9),  s.  and  c.p.  (Thur.)  ;  (20)  0.  spinulosa,  K.  9 
(Thiir.)  ;  (21)  Chalicodoma  muraria,  F.  ?  (10),  s.  and  c.p.  (Thur.)  ;  (22) 
Ccelioxys  conoidea,  111.  $,8.  B.  Diptera — Syrph'idce :  (23)  Volucellaplumata; 
L.  (7 — 8).  C.  Lepidoptera — (a)  Rhopalocera:  (24)  Pieris  napi,  L.,  8.;  (25) 
Lycaena  sp.  ;  {b)  Sphinges :  (26)  Zygujna  camiolica,  Scop.  (Thur.)  ;  (c)  Nociua : 
(27)  Euclidia  glyphic^  L.  ;  (28)  Plusia  gamma,^  L.,  ab., — all  sucking,  but 
apparently  not  effecting  fertilisation.     See  also  No.  590, 11. 

Stylosanthcs,  Swartz,  ArackiSy  L.,  Heicrocarpcca,  Phil.,  Lespcrdezay 
Rich.,  and  Chajrm<innia,  Torr.  and  Gr.,  have  cleistogamic  flowers 
according  to  Kuhn. 

Ervtim  Uvs,  L.,  is  visited  by  the  honey-bee  and  by  Lepidoptera 
(590,11.). 

Vicia  hirsuta,  Koch,  is  remarkable  for  the  great  simplification 
of  the  whole  mechanism  of  the  flower,  in  relation  to  its  great 
reduction  in  size  (590,  li.). 
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1 17.  VICIA  Cbacca,  L. — The  Vetches  afford  an  instance  of  how 
tkkiu'li  caution  is  needed  before  drawing  conclusions  for  a  whole 
Ift^liUH  from  a  single  species.  Delpino  describes  a  brush  of  hairs 
\i\nm  tlie  style  as  a  character  of  the  genus  Vicia,  without  mention- 
ing wliat  species  he  observed  it  in  (178);  but  his  description 
applies  only  vaguely  to  V,  s^um,  and  not  at  all  to  V.  Cracca.  In 
other  peculiarities  of  structure  the  Vetches  which  I  have  examined 
show  remarkable  diversity. 

In  V.  Cracca  the  style  is  very  short  (about  \\  mm.  long),  and 
for  some  distauce  below  the  stigma  it  is  covered  with  long,  slanting 
hairs  (5,  Fig.  68),  Though  the  hairs  are  longer  and  closer  on  the 
outer  side  than  on  the  inner,  they  form  a  cylindrical  brush  rather 
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than  a  basket  (restella)  as  Delpino  describes  them.  The  anthers, 
which  lie  close  round  the  brash  of  hairs,  dehisce  and  shed  their 
pollen  upon  the  hairs  when  the  flower  has  scarcely  attained  half 
its  full  size ;  and  the  stigma,  which  is  overtopped  all  round  but 
especially  on  the  outer  side  by  hairs,  is  also  covered  with  pollen. 
The  brush  of  hairs,  thus  covered  above  and  all  round  with  pollen,  lies 
in  a  pouch  of  the  flattened  tip  of  the  carina  (/,  2,  3),  and  emerges 
when  the  carina  is  depressed  from  the  narrow  slit  at  its  tip. 

As  in  other  Papilionaces,  the  carina  is  ilepressed  by  means  of  the 
alte,  which  are  firmly  connected  with  it  and  which  serve  as  long 
levers  on  which  the  insect  aJights. 

Each  ala  is  connected  at  two  points  with  the  margin  of  the 
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carina.  In  the  middle  of  its  upper  border,  each  ala  has  a  small  but 
deep  fold  {a,  2,  4),  which  fits  into  a  concavity  in  the  upper  surface 
of  the  carina  (a',  3)  immediately  behind  the  swelling  which  contains 
the  pollen.  Close  behind  this  the  side  of  each  ala  bulges  inwards^ 
forming  a  depression,  much  broader  and  not  less  deep,  which  unites 
so  firmly  with  a  broad  but  shallow  concavity  in  the  upper  surface  of 
the  carina  (h\  3)  that  it  requires  the  greatest  care  to  separate  the 
two  without  tearing.  This  intimate  union  is  due  to  the  fact  that 
the  epidermis  of  the  two  petals  over  part  of  the  surfaces  of  contact 
is  composed  of  large  hexagonal  cells  (^^  to  ^^  mm.  in  diameter)  of 
which  those  on  the  one  petal  are  strongly  convex,  and  fit  into  cor- 
responding concavities  in  the  cells  on  the  other.  The  same  kind  of 
union  thus  connects  individual  cells  as  on  a  larger  scale  connects  the 
two  petals. 

The  alue  and  carina  return  after  each  depression  to  their  former 
place.  This  is  due  :  (1)  to  their  own  elasticity  ;  (2)  to  the  processes 
(c,  2,  4)  which  pass  backwards  and  inwards  from  the  superior  basal 
angles  of  the  alse  to  lie  upon  the  stamina  1  column  ;  (3)  to  the  two 
superior  basal  lobes  of  the  carina  (^,  g^  2,  3),  which  embrace  the 
staminal  column,  and  leave  only  a  narrow  slit  between  them  in  the 
middle  line ;  (4)  to  the  broad  base  of  the  vexillum,  which  curves 
round  on  each  side  so  as  to  embrace  completely  the  claws  of  the 
alse  and  carina,  while  it  in  turn  is  embraced  and  held  firmly  in 
position  by  the  calyx.  By  these  four  conditions  all  the  parts  of  the 
flower  are  caused  to  return  accurately  to  their  former  places  after 
each  insect-visit.  The  flowers  therefore  preserve  the  same  appear- 
ance, and  are  visited  repeatedly  by  insects,  so  that  their  pollen  is 
carried  away  bit  by  bit,  and  the  stigma  at  length  rubbing  on  the 
under  side  of  the  insect  becomes  viscid  (cf.  Lathyrus  pratensis) 
and  covered  with  pollen  brought  from  other  flowers. 

Though  the  parts  of  the  flower  close  up  firmly,  their  small  size 
makes  it  easy  for  most  bees  to  reach  the  honey.  The  abundance  of 
honey  and  the  aggregation  of  the  flowers  in  handsome  racemes 
lead  to  plentiful  insect-visits. 

A.  Hymenoptera — (a)  Apidce :  (1)  Apis  mellifica,  L.  9 ,  exceedingly  abundant. 
(It  passes  up  the  racemes,  sucking  for  two  to  three  seconds  on  each  flower.  When 
collecting  pollen,  it  thrusts  its  head  farther  into  the  flower  to  depress  the 
carina  as  much  as  possible  ;  it  takes  at  least  six  to  eight  seconds  to  brush  off 
the  pollen)  ;  (2)  Bombus  agrorum,  F.  9  §  ;  (3)  B.  hortorum,  L.  5  J  (4)  B. 
Rajellus,  111.  i}  ;  (5)  B.  Scrim shiranus,  K.  (J  9  5  J  (6)  B.  (Apathus)  vestalis, 
Fourc.  (J  ;  (7)  Eucera  longicornis,  L.  ?  ^J , — all  only  sucking.  Various  species 
with  abdominal  collecting-brushes,  viz. :  (8)  Megachile  versicolor,  Sm.  $  ;  (9) 
M.  circiuncincta,  K.  ?,  ab.  ;  (10^  M.  maritima,  K.  9  ;  (11)  M.  Willughbiella, 
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K.  9  ;  (12)  Dipliysia  Berratulie,  Pz.  9  ;  (13)  0«mia  adunai,  L»lT.  9 1  ^'o't  b. 
and  cp.  ;  also  the  males  of  9,  12,  13,  aucking ;  (A)  Vetpida :  (14)  Od;nerus 
simplex,  F,  ?.  B.  Diptera— Enipirfffl! ;  (15)  Empia  livida,  L.,  ab.,  g.  (It  stoDds 
upon  a  neighbouring  flower,  and  inserts  its  tongue  beneath  the  vexillum  without 
effecting  fertilisation).  C.  LepidopteTa^{lC)  Pieria  rapiE,  L.,  s.,  without 
effecting  fertilisation.     See  also  No.  590,  11.,  and  No.  609. 

118,  ViciA  SEPiUM,  L. — Tho  style  is  2i  mm.  long;  close  beneath 
the  oval  stigma  it  bears  on  the  outer  and  inner  sides  two  brushes, 
quite  separate  from  each  other,  each  about  1  mm.  long.     The  brush 


on  the  inner  side,  which  must  go  in  advance  when  the  style  emerges 
from  the  carina,  is  formed  of  a  single  row  of  stiff  hairs,  slanting 
upwards  in  the  middle  liue.  The  brush  on  the  outside  consists  of 
a  single  row  of  hairs  at  its  lower  end  only,  and  farther  upwards  it 
broadens  out  until  immediately  below  the  stigma  it  more  than  half 
surrounds  the  style;  its  hairs,  which  in  the  lower  part  are  stiff  and 
slanting  upwards,  diverge  more  and  more,  until  close  beneath  the 
stigma  the  truncated  end  of  the  brush  forms  a  shallow  saucer- 
shaped  hollow  {p,  5,  C).  In  the  bud  the  two  brushes  lie,  surrounded 
by  all  the  anthers  {p,  7),  in  an  expanded  part  of  the  apex  of  the 
carina  (/,  3,  4).     The  anthers  dehisce  when  the  petals  are  nearly 
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full-grown,  and  surround  the  brushes  with  pollen  ;  they  themselves 
axe  withdrawn  from  the  expanded  part  of  the  carina  by  contraction 
of  the  filaments.  As  soon  as  this  has  taken  place,  the  blade  of  the 
vexillum,  which  is  adorned  with  dark  lines,  becomes  erect,  and  its 
sides  bend  backwards  ;  the  alsB  arch  outwards,  forming  a  convenient 
platform  for  bees,  and  the  flower,  which  had  begun  to  secrete  honey 
abundantly  in  the  later  stages  of  the  bud,  is  now  in  every  respect 
ready  for  its  visitors. 

Though  the  mechanism  of  the  flower  resembles  that  of  V, 
Cracca  except  in  regard  to  the  brushes  on  the  style,  its  larger  size 
and  some  apparently  slight  diflferences  in  structure,  cause  a  great 
difference  in  the  number  of  visitors,  and  exclude  flies  and  Lepid- 
optera,  which  in  V.  Cracca  suck  the  honey  without  benefiting 
the  flower. 

The  following  conditions  produce  this  result : — 

(1)  The  flowers  are  not  only  considerably  larger,  but  the  petals 
are  notably  thicker  and  stronger,  so  that  much  more  force  is  needed 
to  push  apart  the  vexillum  and  alse  than  in  V,  Cracca. 

(2)  The  calyx-tube  surrounds  the  claws  of  the  petals  for  a 
greater  distance. 

(8)  In  V.  Cracca  as  well  as  in  V.  septum  the  entrance  between 
vexillum  and  alse  is  firmly  closed  by  two  grooves  on  the  upper 
surface  of  the  vexillum  where  the  claw  joins  the  blade,  which 
project  on  the  lower  surface  as  two  ridges  fitting  tightly  to  the  alse. 
In  V.  Cracca  these  are  thin- walled,  and  even  an  Empis  can  insert 
its  proboscis  beneath  the  vexillum  ;  but  in  V.  scpinm  they  are  much 
thickened. 

(4)  The  alae  in  V,  sepium  form  a  relatively  much  shorter  lever 
for  depressing  the  carina  than  in  V.  Cracca. 

Owing  to  all  these  circumstances,  it  is  only  the  most  powerful 
bees,  viz.,  Bombus  and  Anthophora,  which  can  possess  themselves  of 
the  honey  in  a  legitimate  way. 

This  is  an  advantage,  in  so  far  as  it  completely  excludes  flies  and 
Lepidoptera,  which  in  F".  Cracca  often  steal  the  honey  without  being 
of  any  use  to  the  plant ;  but  it  brings  with  it  a  disadvantage  which 
probably  quite  neutralises  the  advantage.  For  Bmnhis  terrestris, 
finding  it  difficult  to  reach  the  honey  legitimately,  regularly  bites  a 
hole  in  the  side  of  the  flower  through  calyx  and  corolla,  and  so 
inserts  its  proboscis.  In  many  cases  it  is  hard  to  find  a  flower 
which  has  not  been  robbed  in  this  manner,  and  often  even  unopened 
buds  are  robbed.  The  difficulty  of  depressing  the  carina  so  far  as 
is  needful  in  collecting  pollen,  prevents  those  bees  which  suck 
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honey  legitimately  on  V.  septum  from  collecting  pollen  also  on  its 
flowers,  and  thus  diminishes  the  number  of  their  visits. 

The  stigma  of  V,  sepium  resembles  that  of  Lathyrus  praiensis 
in  the  way  in  which,  when  it  is  rubbed  on  a  piece  of  glass,  first  its 
own  pollen  is  rubbed  off,  and  then  its  papillae  are  injured  and  exude 
a  sticky  fluid. 

The  viftitors  are  all  bees,  viz.  : — (1)  Bombus  agrorum,  F.  ?  5  J  (2)  B.  Rajellus, 
111.  9  ;  (3)  B.  lapidarius,  L.  9  5  J  W  B.  sil varum,  L.  9  J  {^)  Anthophora 
pilipes,  F.  9  (J , — all  sucking  normally  ;  (6)  Bombus  terrcstris,  L.  9  >  biting  a 
hole  and  stealing  the  honey  ;  (7)  Osinia  rufa,  L.  9  >  (8)  Apis  mellifica,.  L.  5  > — 
both  make  use  of  the  holes  made  by  B.  teirestris.  Both  species  have  tongues 
long  enough  (Osmia  rufa  8  mm.,  Apis  6  mm.),  but  are  not  strong  enough  to 
reach  the  honey  in  the  legitimate  way.     See  also  No.  590,  11. 

Vicia  angustifolia,  Roth. — The  brushes  on  the  style  are  similar 
to  those  in  V,  sepium.  The  visitors  are  humble-bees,  Saropoda, 
and  Lepidoptera  (590,  ii.). 

119.  Vicia  Faba,  L. — The  brushes  on  the  style  are  similar  to 
those  of  V,  sepium.  In  spite  of  the  much  greater  size  of  the  flower, 
both  its  honey  and  pollen  are  more  accessible  than  those  of  V.  sepium^ 
though  to  reach  the  honey  a  longer  proboscis  is  needed.  The  vexil- 
lum  and  alse  fit  much  less  firmly  together,  and  the  carina  is  much 
more  easily  depressed.  The  thickened  processes  which  in  V,  sepium 
project  from  the  under  side  of  the  vexillum  are  here  wanting;  the  claw 
of  the  vexillum  (13  to  16  mm.  long)  is  only  loosely  embraced  by  the 
calyx-tube,  and  for  a  distance  of  only  6  to  7  mm.  above,  and  8  to  10 
mm.  below.  The  vexillum  is  therefore  easily  pushed  upwards,  and 
those  humble-bees  which  have  a  proboscis  long  enough  to  reach 
the  honey  in  V.  Faba,  can  do  so  more  easily  in  that  flower  than  in 
V.  sepium.  The  two  depressions  by  which  the  alae  and  carina  are 
united  in  V,  Cracca  and  V,  sepium  occur  also  in  the  Bean,  but  in  the 
latter  the  interlocking  of  the  individual  cells  is  less  marked  than  in 
the  others,  so  that  the  alse  and  carina  may  be  easily  separated  with- 
out tearing.  The  two  posterior  processes  of  the  alae,  whose  use  is  to 
keep  the  alaB  and  carina  in  their  proper  place  in  relation  to  the 
staminal  column,  are  here  much  reduced  and  easily  slip  down  from 
the  upper  surface  of  the  carina.  The  alae  and  carina  are  easily 
depressed,  all  the  more  that  the  alse  project  far  beyond  the  carina, 
forming  a  powerful  lever  acted  on  by  the  weight  of  the  bee.  Thus 
to  reach  the  honey  is  here  a  matter  of  little  difficulty,  and  is 
possible  even  for  the  smaller  bees. 
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Owing  to  the  small  elasticity  of  the  alse  and  carina  in  the  beaii- 
liower,  they  fail  to  return  to  their  former  place  if  they  are 
thrust  far  down,  but  leave  the  end  of  the  style  with  its  stigma  and 
brushes  and  even  the  empty  anthers  exposed. 

Visitors  :  A.  Hymenoptera — Apicim :  (1)  Bombiis  hortorum,  L.  9  (21) ; 
(2)  B.  senilis,  Sm.  ?  (14—15)  ;  (3)  B.  confusus,  Schenck,  ?  (14)  ;  (4)  B.  lapi- 
darius,  L.  ?  (12 — 14) ;  (5)  B.  silvarum,  L.  ?  (14), — all  sucking  in  the  normal 
way,  ab.  ;  (6)  B.  terrestris,  L.  9  0 — ^)j  sucking  honey  through  holes  bitten 
ill  the  tube  ;  (7)  Apis  mellifica,  L.  9  (6)»  sometimes  c.p.,  sometimes  sucking 
through  tlie  holes  bitten  by  B.  terrestris  ;  in  the  former  case  it  effects  cross- 
fertilisation  as  well  as  those  bees  wliich  suck  in  the  normal  manner  ;  (8)  An- 
(Irena  convexiuscula,  K.  ? ,  c.p.  ;  (9)  A.  labialis,  K.  (J ,  seeking  in  vain  for  honey  ; 
(10)  Osmia  rufii,  L.  ? ,  sucking  normally, — it  creeps  so  far  into  the  flower  that 
its  whole  head  is  liidden  under  the  basal  part  of  the  vexillum.  B.  Coleoptera 
- -MaUicoderniata :  (11)  Malachius  bipustulatus,  F.,  feeds  upon  the  stamens 
after  they  have  been  hiid  bare  by  repeated  visits  of  humble-bees. 

Darwin  found  the  fertility  of  the  bean  reduced  to  a  third  when 
insects  were  excluded  by  a  net ;  but  if  the  flowers  were  shaken 
they  produced  good  and  well-filled  pods  though  still  protected  from 
insects  (152). 

Vida  av\phi4:arpa,  Dorthes.,  has,  besides  its  ordinary  flowei's,  cleis- 
togamic  flowers  without  petals  on  subterranean  shoots  (399,  531). 

120.  Lathyrus  pratensis,  L. — This  plant  affords  us  another 
example  of  a  papilionaceous  flower,  in  which  when  the  carina  is 
depressed  the  tip  of  the  style  only  emerges,  and  sweeps  part  of  the 
pollen  out  of  the  apex  of  the  carina  by  means  of  a  brush,  applying 
it  to  the  under  side  of  the  bee,  afterwards  returning  within  the 
carina  when  the  pressure  is  removed. 

The  style,  which  ascends  vertically  from  the  end  of  the 
horizontal  ovary,  curving  slightly  inwards,  expands  immediately 
below  the  oval  stigma  into  an  elliptic  lamina.  This  lamina  is 
covered,  not  only  on  the  edges,  as  Delpino  says  ( 1 78),  but  on  the 
whole  surface  turned  towards  the  base  of  the  flower,  with  hairs 
pointing  obliquely  upwards ;  it  lies  in  the  conical  apex  of  the  carina, 
which  points  directly  upwards  (5,  Fig.  70),  and  its  hairy  surface, 
turned  towards  the  base  of  the  flower,  faces  also  the  free  edges  of 
the  tip  of  the  carina.  Between  it  and  the  margins  of  the  carina  is 
a  deep  pouch  on  each  side  (^?,  5,  6),  which  is  separated  by  a  deep 
fold  {a)  from  the  margin,  and  has  its  only  entrance  at  the  apex  of 
the  cone  (m,  4,  5,  6).  In  the  bud,  this  pouch  contains  all  the 
anthers,  which  only  dehisce    immediately  before    or    during  the 
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espaiisioii  ot  the  flower.  The  pouch  becomes  quite  filled  with 
pollen,  and  the  anthers  withdraw  into  its  lower  part.  The  hairy 
surface  of  the  style  and  the  stigma  are  thus  covered  with  polk-ii  in 
the  opening  flower,  and  each  time  that  the  carina  is  depressed  they 
emerge  at  ita  apex  sweeping  a  little  pollen  out.  Since  the  hairs  of 
the  style  do  not  pass  into  the  lateral  pouches,  these  would  remain 
full  <if  p')llen,  wcTP  it  not  that  when  the  carina  is  depressed,  the 
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empty  anthers  and  the  ends  of  tht-  filaments  }jas8  into  and  pusli  the 
pollen  ont  of  the  pouches  into  the  apex  of  the  cone,  whence  it  is 
swept  out  by  the  style.  It  requires  considerable  force  to  depress 
the  carina,  since  the  style  with  its  hairs  has  at  the  same  time  to  be 
force)!  through  the  slit  at  the  apex  of  the  carina, 

It  stands  in  close  relatJou  to  tliis  arrangement  that  the  union 
of  the  two  halves  of  the  carina  is  strengthened  by  an  anterior 
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membranous  outgrowth  (n,  4),  and  that  the  alse  and  carina  are 
connected  very  firmly  with  one  another  and  with  the  staminal 
column.  The  union  between  the  aljB  and  carina  is  formed  in  the 
following  way : — The  two  folds  or  grooves,  which  in  the  erect 
extremity  of  the  carina  separate  the  two  pouches  from  the  free 
margins,  are  continued  along  the  whole  horizontal  part  of  the  carina 
near  its  upper  border,  and  where  the  erect  part  joins  the  horizontal 
(at  a',  4,  5,  6)  they  each  form  a  broad,  rounded  pit  in  which  a  fold 
of  the  ala  (a,  1,  2,  3)  lies ;  further  towards  the  base  of  the  flower 
they  form  a  deep,  narrow  depression  on  each  side  of  the  cleft  of  the 
carina  (6',  4),  in  which  a  process  directed  downwards  and  forwards 
from  the  upper  margin  of  the  ala  (6',  2,  3)  fits  firmly.  This  inter- 
locking is  rendered  more  secure  by  the  presence  of  numerous  blunt 
projections  on  the  marginal  process  of  the  ala  (6),  and  in  the  full- 
grown  flower  it  is  difficult  to  separate  the  ala  from  the  carina 
without  tearing. 

The  union  of  the  alae  and  carina  with  the  staminal  column  is 
effected,  as  in  Medicago  saliva,  by  two  long,  pouched  processes  of  the 
alae  (directed  backwards)  which  lie  upon  the  column  (d,  2,  3),  meet- 
ing one  another  in  the  middle  line.  When  the  alae  and  carina  are 
depressed,  these  processes  clasp  the  sides  of  the  column,  and  as 
soon  as  the  pressure  is  removed  they  return  to  their  former  place 
on  its  upper  surface.  The  vexillum  closes  down  firmly  on  the 
alae,  preventing  useless  insects,  e.^.  flies,  from  obtaining  the  honey 
which  .is  secreted  abundantly  in  the  ordinary  position  and  is 
reached  by  two  unusually  large  openings.  The  vexillum,  at  the 
junction  of  its  claw  and  lamina,  bears  two  deep,  narrow  depres- 
sions which  project  below  as  two  sharp  ridges  converging 
anteriorly  (o,  1),  and  these  fit  firmly  into  two  depressions  in  the 
alse  (c,  2,  3).  Though  the  stigma  is  at  first  surrounded  by  the 
jK)llen  of  its  own  flower,  it  is  probable  that  in  case  of  insect- 
visits,  cross-fertilisation  is  ensured.  For  this  pollen  with  which 
tlie  stigma  is  covered,  is  easily  rubbed  off  if  we  draw  the 
stigma  over  a  glass  plate  ;  but  immediately  afterwards  the  stig- 
matic  papillae  get  rubbed  away  and  leave  a  line  of  clear  sticky 
fluid  on  the  glass.  Owing  to  the  force  which  the  mechanism 
of  the  flower  renders  necessary,  the  stigma  must  be  rubbed  hard 
on  the  under  side  of  the  bee,  and  thus  without  doubt,  as  Delpino 
supposes,  its  own  pollen  is  rubbed  off,  its  surface  is  rendered 
sticky  by  breaking  down  of  the  papillae,  and  new  pollen  is  made 
to  adhere  to  it. 

Whether   in    absence    of  insects   the  stigma   finally  becomes 
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viscid  and  capable  of  fecundation  spontaneously,  and  is  thus  self- 
fertilised,  is  still  undetermined. 
The  visitors  are  exclusively  bees. 

(1)  Eucera  longicornis,  L.  (J,  s.,  ab.  ;  (2)  Bombiis  agrorum,  F.  9»  8->  frc<l- » 
(3)  Diphysis  serratulae,  Pz.  9,8;  (4)  Megachile  maritima,  K.  <J ,  s. ;  (5)  M. 
versicolor,  Sm.  9  >  s.  and  c.p.     (Brilon,  10  July,  1869.) 

121.  Lathykus  tuberosus,  L. — I  saw  this  plant  visited  very 
abundantly  by  the  honey-bee  in  July  1868,  in  Thuringia.  In  suck- 
ing, the  bee  inserted  its  proboscis  at  one  side,  above  one  of  the  alse. 
As  it  clung  to  one  of  the  alae  and  thrust  its  proboscis  in  laterally 
between  the  vexillum  and  carina,  it  pressed  the  carina  so  far  down 
that  the  style  and  pollen  emerged.  In  some  cases  the  pollen  did 
not  come  in  contact  with  the  bee,  in  others  the  stigma  and  the 
hairs  of  the  style  touched  the  bee  on  its  side. 

When  collecting  pollen,  the  bee  clung  to  both  alae,  thrusting  its 
head  and  forelegs  beneath  the  vexillum  in  the  middle  line.  The 
stigma  emerging  from  the  carina  came  directly  in  contact  with  the 
under  side  of  the  bee,  and  cross-fertilisation  was  eflfected  regularly. 
Besides  the  honey-bee  I  only  saw  two  butterflies,  a  yellow  ITesperia, 
and  Fieris  rajyce,  L.,  sucking  honey  on  the  flowers. 

122.  Lathyrus  silvestris,  L. — I  saw  this  plant  in  Sauerland 
(July  12,  1869)  visited  also  by  hive-bees,  both  sucking  and 
collecting  pollen,  and  by  numerous  Lepidoptera,  which  however 
did  not  efiect  fertilisation  (Bhodocera  rhamni,  L.,  Pieris  rapes,  L,, 
Vanessa  fo,  L.,  V.  urtica^,  L.,  Plusia  gamma,  L.). 

Delpino  mentions  as  the  chief  fertiliser  of  this  plant  Xylocopa 
violacea,  which  does  not  occur  in  Westphalia,  and  justly  emphasizes 
the  slanting  position  of  the  style-brush  as  an  adaptation  rendering 
it  easier  for  the  bees  to  depress  the  carina  (178). 

Francis  Darwin  observed  that  bees  rob  L.  silvestris  of  its  honey 
by  biting  through  the  vexillum  close  above  the  calyx,  and  almost 
always  just  above  the  left  honey-passage,  which  is  commonly  the 
larger, — a  proof  of  capability  to  profit  by  experience.  The  un- 
symmetrical  development  of  the  passages  leading  to  the  honey  in 
L,  silvestris  is  in  relation  to  the  twisting  of  the  style,  and  thus 
unsymmetrical  development  of  the  fruit  seems  related  to  both  of 
these  facts  (169). 

123.  Lathyrus  montanus,  Bemh.  {Orobm  tuberosus,  L.). — In 
Sauerland  (July  1869)  I  saw  this  plant  visited  by  Eucera  lonfficomis. 
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L.    ? ,   s.   and   c.p ;  Bombus  pratorum,   L.    9 ,  s. ;   and   Hesperia 
silvanvs,  Esp.  s. 

124.  Lathyrus  odobatus,  L.,  is  visited  by  Anthidium  Tnani- 
cattcm,  L.  9 ,  s. 

125.  Lathyrus  vernus,  Bemh.  (Orobtis  vemus,  L.). — I  have 
repeatedly  found  Bmnhcs  hortoruin,  L. «  ? ,  sucking  honey  on  this 
flower.  A  list  of  eleven  other  visitors,  exclusively  bees,  is  given  in 
No.  590,  II.,  p.  257. 

Lathyrus  grandijlortis  is  very  rarely  visited  by  bees  in  England. 
If  the  flowers  are  shaken  they  prove  more  fertile  (152). 

Delpino  mentions  the  genera  Apis,  Bombus,  Eucera,  Anthophara, 
and  Xylocopa,  as  the  chief  fertilisers  of  the  various  species  of 
Lathyrus  (178). 

126.  PisUM  SATIVUM,  L.  (the  Pea). — The  mechanism  of  this 
flower  agrees  in  most  essential  points  with  that  of  Lathyrvs 
pratensis,  but  it  has  so  many  peculiarities  that  we  must  discuss  it 
in  almost  complete  detail. 

The  style  ascends  almost  perpendicularly  to  the  horizontal 
ovary,  but  its  tip  curves  inwards  so  far  that  the  stigma  points 
almost  horizontally  towards  the  base  of  the  flower  {st.  7).  The  style 
is  not  swollen  at  the  end,  but  is  covered  with  long  hairs  on  the  side 
facing  the  base  of  the  flower  for  over  one-third  of  its  length  down- 
wards from  the  stigma  (7,  8,  fig.  71)^  The  style  follows  the  line 
of  union  of  the  two  halves  of  the  carina,  so  the  carina  also  is 
curved  inwards  in  the  shape  of  a  sickle,  and  its  conical  tip,  which 
incloses  the  brush  upon  the  style,  points  towards  the  base  of  the 
flower  (1,  fig.  71).  In  this  species  also,  as  in  L.  pratensis,  there  is 
present  in  the  bud  on  each  side  of  the  tip  of  the  carina  (a,  1,  4)  a 
pouch,  within  which  are  the  anthers ;  but  the  pouches  are  shallower 
and  the  folds  separating  them  from  the  free  margin  are  less 
marked,  and  the  space  in  which  the  anthers  lie  in  the  bud  is  on 
the  whole  conical.  The  apex  of  the  carina  leaves,  of  course,  an 
opening  for  the  passage  of  the  style  {0,  4,  5).  The  anthers  dehisce 
shortly  before  the  bud  expands ;  they  fill  the  conical  point  of  the 
carina  with  pollen  and  withdraw  into  the  base  of  the  cone,  so 
that  at  the  commencement  of  the  flowering-period  the  stigma  and 
the  style-brush  are  covered  with  pollen,  part  of  which  is  swept 
out  at  the  apical  orifice  each  time  that  the  carina  is  depressed. 
The  edges  of  the  orifice  yield  to  a  pressure  from  within,  but  close 
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Dp  nffiiiii,  Mj  that  wliile  the  stigma  and  style-lwiish  return 
within  till!  (Miriiia,  great  part  of  the  pollen  is  swept  off  and  remains 
itiitHi'lM.  Tlio  end))  of  the  filaments,  lying  in  the  base  of  the 
iviuifial  jiiiitit  of  tlio  carina,  are  slightly  swollen  even  in  the  bud 
(7,  tig.  71),  hnt  lifter  the  anthers  have  dehisced  they  enlai^  more 
fl)),  uikI  ho  pn^HH  the  pollen  forward  more  effectively  than  in  the 
fnm  of  /^ttf/n/ntu  prnleruu.    They  press  the  pollen  in  the  base  of 
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the  cone  forward  to  its  opex,  so  that  the  style-brush  on  returning 
within  the  carina  becomes  covered  again  with  pollen,  and  so  a 
new  portion  of  pollen  is  forced  out  at  each  depression  of  the 
carina.  Thus  the  flower  of  the  Pea  combines  the  brush -mechanism 
with  the  piston-mechani.«m. 

The  force  needed  to  depress  the  carina  is  both  absolutely  and 
relatively  greater  than  in  Zaihyrus  pratensis,  since  the  style-brush 
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is  curved  more  inwards,  and  the  swollen  ends  of  the  filaments  move 
with    friction   in   the   cone.     On  this  account  the   union   of  the 
two  carinal  petals  is  strengthened  by  a  still  more  marked  out- 
growth (ft,  1,  4),  and  the  alse  and  carina  are  connected  with  each 
other  and  with  the  staminal  column  still  more  firmly.     Each  ala 
has  at  the   base   of  its   limb,   close   below  its  upper   margin,  a 
depression    or    invagination   pointing    forwards    and    downwards 
(c',  2,  5,  6),  which  is  very  firmly   attached   to   a   corresponding 
depression   on   the  upper  surface  of  the  carinal  petal  (c,  1,  4) ; 
not  only  are   the   two   pouches   closely  applied  to  one  another 
throughout  their  whole  extent,  but  over  a  great  part  of  the  surfaces 
in  contact  large  hexagonal  cells  of  the  one  petal  project  into  hollows 
in  corresponding  cells  on  the  other,  so  that  it  is  scarcely  possible 
to  separate  the  petals  from  one  another  without  tearing.     More- 
over, the  anterior  part  of  the  ala  is  kept  in  a  definite  position 
relatively  to  the  carina  by  a  fold  or  groove  {d\  2,  5)  in  its  upper 
margin  which   fits  into  that  groove  [d)  upon  the   carina  which 
separates  the  pouch  (a)  from  the  edge.     This  second  union  of  alae 
and  carina  is  strengthened  by  two  deep  and  narrow  depressions  of 
the  vexillum,  which  appear  on  its  under  side  as  hard,  sharp  ridges, 
converging  anteriorly  {d",  1,  3),  and  are  received  into  the  anterior 
alar  grooves  {d'). 

The  position  of  the  alse  and  carina  relatively  to  the  staminal 
column  is  maintained  very  firmly  and  accurately.  Each  carinal 
petal  possesses  a  lobe  at  its  base  {e,  4,  5),  directed  upwards  and 
inwards,  which  lies  upon  the  upper  surface  of  the  column  and 
extends  almost  to  the  middle  line.  These  two  carinal  lobes  which 
embrace  the  column  arc  pressed  down  and  kept  in  their  place  by 
two  processes  of  the  alae  {e\  5,  6),  directed  inwards  and  backwards ; 
the  alar  processes  are  themselves  mnde  secure  by  the  vexillum, 
on  whose  broad,  strong  base  two  rounded  swellings  occur  {b\  3) 
which  rest  upon  two  narrow  surfaces  of  the  alse  (ft,  5,  6)  passing 
horizontally  backwards  from  the  alar  processes  {e'). 

This  firm  union  of  the  parts  of  the  flower  is  of  service  to  the 
plant  in  three  ways.  In  the  first  place,  it  obliges  an  insect  in 
search  of  honey,  when  standing  on  the  alee  and  thrusting  its  head 
beneath  the  vexillum,  to  use  so  much  force  in  separating  the  al® 
and  vexillum  that  the  brush  and  piston  mechanism  is  set  in  action. 
Secondly,  it  ensures  the  perfect  return  of  all  the  parts  to  their 
original  position  when  the  pressure  is  removed,  and  so  causes  the 
flow^er  to  retain  its  youthful  appearance  and  to  receive  the  repeated 
visits   that   its   whole  construction  is  designed   for.      Thirdly,  it 
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excludes  all  insects  from  the  honey  which  are  not  strong  enough 
to  perform  the  actions  necessary  for  fertilisation. 

Along  with  these  obvious  advantages,  the  firm  closure  of  the 
flowers  has  the  very  important  consequence  that  it  makes  the 
work  difficult  even  for  such  bees  as  are  able  to  reach  the  honey  and 
to  effect  cross-fertilisation,  and  deters  them  from  the  plant  when 
other  more  convenient  flowers  are  at  hand.  In  its  original  home 
the  Pea  no  doubt  adapted  itself  to  some  strong  and  at  the  same 
time  diligent  and  skilful  species  of  bee,  which  could  easily  depress 
the  carina,  and  was  plentiful  enough,  in  ordinary  weather  to  act  as 
the  regular  fertilising-agent.  Under  such  conditions  the  advan- 
tages of  firm  closure  would  outweigh  the  disadvantages.  In  our 
climate,  the  Pea  fails  to  find  bees  adapted  for  its  flower,  and  it 
would  be  much  better  for  it  under  these  altered  conditions  to  have 
its  flowers  less  firmly  shut.  I  have  often  watched  beds  of  peas 
in  bloom  in  my  garden  in  sunny  weather  and  have  only  occasionally 
seen  a  visitor,  while  beans,  blooming  at  the  same  time  in  alternate 
beds,  were  ivbundantly  visited  by  humble-bees. 

The  only  insects  which  1  have  seen  on  the  flowers  in  the  course  of  four 
summers  are  :  (1)  Eucera  longicomis,  L.  ;  (2)  Megachile  pyrina,  Lep  ;^-the  (J 
of  both  species,  s. ;  the  ? ,  s.  and  c.p. ;  both  freq.,  but  not  abundant ;  (3)  Two 
specimens  of  Halictus  sexnotatus,  K.  ?  ; — they  collected  pollen  with  difficulty, 
holding  the  edges  of  the  carina  apart  anteriorly  with  their  legs. 

Though  most  flowers  remain  unvisited  by  insects,  they  all  pro- 
duce good  fruit.  The  self-fertilisation  which  the  structure  of  the 
flower  necessitates  must  therefore  be  quite  efficient;  and  this 
indeed  has  been  shown  experimentally  by  Dr.  Ogle,  who  found  the 
Pea  as  productive  when  insects  were  excluded  as  when  left 
unprotected  (633). 

Tribe  Phaseolece, 

Amphicarpcca,  according  to  Torrey  and  Asa  Gray  {N,  Amcr. 
Flora,  I.,  p.  291),  has  fertile  cleistogamic  flowers,  and  also  flowers 
which  open,  but  are  for  the  most  barren.  Both  kinds  of  flowers 
are  above  ground.  Darwin  found  that  subterranean  pods  of 
Aviphicarpcea  monoica  which  he  received  from  Meehan,  contained 
each  a  single  seed,  while  the  ordinary  aerial  pods,  which  he  culti- 
vated himself, contained  from  one  to  three  small  seeds;  these  latter 
averaged  only  -V  of  ^^e  weight  of  the  subterranean  seeds  (167, 

2nd  Ed.). 

The  genera  Ncurocarpum,  Desv.,  Martiusia,  Schult.,  Glycine,  L., 
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Galactia,  P.  Br.,  and  Voandzeia,  Pet.  Th.,  are  stated  by  H.  v.  Mohl 
and  Kuhn  to  possess  cleistogamic  flowers. 

Glycine  chinensis,  Curt.,  is  visited  by  bees  only  (590  II.). 

Centrosema  virginiana  and  Ctitoi^i  mariana  both  have  their 
flowers  inverted  (729). 

In  ErythHna  crista-galli,  according  to  Delpino,  the  flower  is 
inverted,  the  alae  are  almost  entirely  aborted,  and  the  carina  forms 
a  sheath  covering  the  column  and  expanded  below  into  a  large 
honey-receptacle.  Since  the  stigma  somewhat  overtops  the 
anthers,  the  visitors,  probably  humming-birds,  touch  first  the 
stigma  then  the  anthers,  and  so  eflfect  cross-fertilisation.  In 
£,  velutina  the  flower  is  not  inverted  ;  the  alse  and  carina  are 
reduced  to  minute  rudiments,  and  the  column  lies  fully  exposed 
beneath  the  vexillum.  The  visitors,  probably  bees,  must  make  their 
way  between  the  xjolumn  and  the  vexillum  to  reach  the  honey, 
which  is  secreted  as  in  other  Papilionaceae,  and  so  they  come  in 
contact  with  the  stigma  and  anthers  (178,  360).  Belt  (56)  saw  a 
species  of  Erythrina  fertilised  by  humming-birds,  which  came  in 
search  of  small  insects  that  sucked  honey  in  the  flowers.  Trelease 
saw  Erythrina  herhacea  visited  abundantly  by  ruby- throated 
humming-birds,  and  believes  that  the  flower  is  adapted  for  cross- 
fertilisation  by  their  agency  (731). 

Darwin  states  on  the  authority  of  MacArthur's  observations 
that,  in  New  South  Wales,  Erythrina  does  not  produce  good  fruit 
unless  the  flowers  are  shaken  (152), 

Phaseolus. — The  species  of  Phaseolus  are  distinguished  from 
the  other  Papilionaceae  which  have  brush-hairs  on  the  style  by 
the  helicoid  twisting  of  the  style  and  of  the  tip  of  the  carina 
which  incloses  it;  but  here,  as  in  the  rest,  when  the  carina  is 
pressed  down,  the  tip  of  the  style  issues  with  its  stigma  and  pollen- 
brush,  and  these  return  within  the  carina  when  the  pressure  is 
removed.  The  twisting  is  towards  the  right  in  some  species  and 
towards  the  left  in  others,  according  to  Delpino,  and  shows  all 
stages  from  a  mere  sickle-shaped  curvature  {P.  angulosiis,  etc.)  to  a 
helix  of  four  to  five  coils  (P.  Caracalld),  (172,  178). 

The  mechanism  of  the  flower  and  the  mode  of  fertilisation  in  the 
Scarlet  liunner  (P.  coccineits,  Lam.)  have  been  thoroughly  described 
by  Mr.  T.  H.  Farrer  (240).  The  hive-bee  and  other  small  bees 
which  are  unable  to  press  the  carina  down,  obtain  the  honey  by 
taking  advantage  of  holes  which  a  humble-bee  (I  suppose  B, 
tcrrrstris,  L.)  bites  through  the  calyx.     More  powerful  bees,  with 
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sufficiently  long  proboscides,  alight  on  the  left  ala,  and  in  forcing 
the  proboscis  down  into  the  flower  bring  its  base  in  contact  with 
the  stigma. 

Now,  when  the  alaB  and  the  carina  (which  is  united  to  them) 
are  further  depressed,  there  emerges  from  the  tubular  apex  of  the 
carina,  which  is  coiled  nearly  into  two  complete  whorls,  the 
similarly  coiled  style;  and  it  emerges  in  such  a  way  that  its 
stigma  points  downwards  and  towards  the  left,  and  its  pollen- 
covered  hairs  come  in  contact  with  the  base  of  the  insect's 
proboscis,  dusting  it  with  fresh  pollen.  In  this  manner  is  cross- 
fertilisation    insured   and    self-fertilisation   prevented   in    case   of 


Fuj.  '•2.—Pha»eolu»  vulgaris,  L, 

1. — Flower,  viewed  obliquely  from  above  and  in  front. 

2.— Pistil,  enlarged. 

a,  calyx  ;  &,  vexillum ;  e  <r,  ahe  ;  rf,  ai>ex  of  carina ;  e,  ovary ;  /,  style  ;  g,  11*5  brush ;  A,  sti^jtna. 

insect-visits ;  in  absence  of  insects  self-fertilisation  cannot  occur, 
since  the  stigma  protrudes  from  the  carina  while  the  pollen  is 
inclosed  within  it. 

The  similar  mode  of  fertilisation  in  the  Kidney  Bean  {Phaseoln^ 
vxdgaris^  L.)  was  described  ten  years  earlier  by  Darwin  (5 1),  who 
showed  by  experiment  that  insect-visits  are  essential  for  the 
fertilisation  of  this  plant.  Plants  covered  with  a  fine  net  remained 
completely  barren,  unless  the  action  of  bees  was  artificially 
imitated.  When  Darwin  repeated  the  experiment  on  a  larger 
scale  a  few  flowers  on  some  specimens  bore  fniit;  small  insects 
(Thrips)  had  presumably  gained  access  to  these. ^ 

'  Dr.  Ogle  (No.  633)  also  gives  a  thorough  description  of  the  floral  niechanisin 
in  P.  milgaris  (French  bean)  and  P.  coccincn  (Scarlet  Runner).  Of  the  flowers  which 
Dr.  Ogle  protected  from  bees  by  means  of  a  gauze  net,  no  single  one  l)orc  fniit. 
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Darwin  had  also  shown  that  cross-fertilisation  by  insect-agency 
takes  place  to  a  large  extent  in  Phaseolus.  Mr.  Coe  planted  four 
rows  of  Negro  Dwarf  Kidney  Beans  between  some  rows  of  white 
and  brown  Kidney  Beans;  near  by  were  some  Scarlet  Runners. 
He  let  the  black  Kidney  Beans  run  to  seed,  and  over  y  of  the 
beans  produced  showed  all  gradations  from  light  brown  to  black, 
and  some  were  mottled  with  white.  Of  the  plants  reared  from 
these  seeds  every  one  diflfered  from  the  rest  in  stature,  leaves, 
colour  and  size  of  flower,  time  of  flowering  and  of  ripening  fruit, 
size,  form  and  colour  of  the  pods  ;  and  the  beans  produced  by  them 
were  of  all  sha^les  between  black  and  light-brown,  some  dark- 
purple,  some  slightly  mottled,  and  of  various  shapes  and  sizes 
(151,152). 

In  P.  multijlorus  the  carina,  with  the  inclosed  style,  are  so  bent 
that  when  the  carina  is  depressed  the  style  emerges  pointing 
downwards  and  towards  the  left,  so  that  a  bee  can  only  accomplish 
cross-fertilisation  if  it  enters  the  flower  to  the  left  of  the  coil. 
Francis  Darwin  has  pointed  out  that  the  tenth,  free,  stamen  bears 
an  appendage  which  prevents  the  bee  from  taking  any  other  way 
towards  the  honey  (169). 

In  regard  to  Treviranius'  opinion  that  self-fertilination  Ih  the  general  rule  in 
l*apilionacejc,  it  is  needlemn  to  discuw*  \\\9,  argnmcnts,  since  the  only  objection 
wliich  he  nuule  to  Darwin's  experiments,  viz.  that  the  nets  sheltered  the  plant 
from  movements  of  the  air  (742)  was  experimentally  refuted  by  Darwin.  For 
the  flowers  in  whicli  Darwin  imit^it^d  the  action  of  the  bees,  though  they  grew 
benciith  the  net,  were  completely  fertile. 


RETROSPECT   OF   PAPILIONACEiE. 

The  PapilionaceaB  which  we  have  studied  are  all  fertilised  by 
bees,  and  in  spite  of  their  manifold  peculiarities  of  detail  they  all 
agree  in  the  following  points  regarding  the  arrangement  and 
function  of  the  parts  of  the  flower : 

The  flowers  stand  more  or  less  horizontal ;  except  Sarothamnus 
they  expose  the  stigma  and  pollen  to  conttict  only  with  the 
ventral  surface  of  the  bee,  since  the  reproductive  organs  occupy  the 
inferior  side  of  the  flower  and  are  only  curved  upwards  at  the 
extremity.  In  the  bud  the  reproductive  organs  are  inclosed  by  the 
two  inferior  petals,  these  by  the  two'lateral,  and  these  again  by  the 
superior  petal. 

The   two    inferior   petals   cohere    to   form    a  "carina,"   which 
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incloses  the  reproductive  organs  and  protects  them  from  rain  and 
from  pollen-feeding  insects.  The  two  lateral  petals  (alae)  have 
a  threefold  function,  serving  (1)  as  a  platform  for  bees  to  alight 
on ;  (2)  as  a  lever  to  depress  the  carina ;  (3)  to  keep  the  carina  in 
its  place  as  regards  the  reproductive  organs,  and  to  bring  it  back  to 
its  place  after  depression  if  repeated  insect-visits  are  necessary  for 
fertilisation.  In  order  to  serve  as  levers  for  depressing  the  carina, 
the  alae  must  be  united  firmly  therewith.  This  is  either  accom- 
plished by  certain  areas  of  the  alar  laminae  bulging  out  and  being 
received  in  hollows  of  the  carina,  or  by  interdigitation  of  processes 
on  the  contiguous  surfaces  of  both ;  and  such  union  is  the  firmer 
the  more  frequently  the  carina  has  to  be  depressed  and  again 
brought  back  to  its  original  position  in  order  to  ensure  cross- 
fertilisation. 

The  carina  is  mainly  kept  in  its  proper  place  and  brought  back 
to  it  after  depression  by  basal  lobes  of  the  alae  which  embrace 
the  column;  sometimes  they  form  swollen  pouches  (Tri/olium), 
sometimes  they  are  produced  into  long  processes  (Melilotus, 
Mcdicago,  etc.). 

The  vexillum,  with  its  large,  erect,  coloured  surface,  is  the 
chief  agent  in  rendering  the  flower  conspicuous;  it  also  serves 
as  a  fixed  point  or  fulcrum  against  which  a  bee  may  place  its  head 
while  it  pushes  the  carina  with  its  feet  resting  upon  the  alae. 

The  stigma  and  pollen  must  be  applied  to  the  ventral  surface 
of  the  bee  if  cross-fertilisation  is  to  result.  The  necessary 
arrangement  is  attained  by  the  filaments  cohering  to  form  a 
cylinder  round  the  pistil.  In  all  Papilionacese  which  contain 
honey,  the  honey  is  secreted  on  the  inner  sides  of  the  bases  of  the 
filaments,  and  it  accumulates  in  the  space  between  the  stamens 
and  pistil.  Since  the  reproductive  organs  have  to  come  in  contact 
with  the  under  side  of  the  bee,  it  is  clear  that  access  to  the  honey 
must  only  be  permitted  above  the  reproductive  organs.  We  find, 
accordingly,  that  in  all  Papilionacese  which  contain  honey  the 
coherent  filaments  leave  a  passage  superiorly.  One  stamen  here 
is  separate  from  the  rest  and  leaves  two  entrances  to  the  honey 
free  on  either  side  of  its  base,  either  by  curving  upwards  at  its 
base,  or  by  the  neighbouring  filaments  curving  outwards  there, 
or  in  both  modes  combined. 

The  arrangement  and  action  of  the  various  parts  of  the  flower 
in  w^hich  all  the  Papilionaceae  (except  Onobrychis)  agree,  cause  the 
bees  to  act  and  move  in  a  perfectly  definite  way,  such  as  to  ensure 
the  stigma  and  pollen  coming  in  contact  with  their  under  surfaces. 
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Four  ditferent  types  of  structure  may  be  distinguished  in 
Papilionaceae,  according  to  the  manner  in  which  the  pollen  is 
applied  to  the  bee.  These  distinctions  were  first  drawn  by 
Delpino  (172,  178,  360),  and  transitions  are  not  wanting  from  one 
to  another : 

1.  Papilionaceae  in  which  the  stamens  and  stigma  emerge  from 
the  carina  and  again  return  within  it.  They  admit  repeated  visits. 
{Melilotus,  Tri folium,  Onobrychis,  Cy times). 

2.  Papilionaceae  whose  essential  organs  are  confined  under 
tension  and  explode  {Medicago,  Genista,  Sarothamnics),  In  these 
only  one  insect's  visit  is  eflfective,  sometimes  under  certain 
conditions  two  {Sarotliamnus). 

3.  Papilionaceae  with  a  piston-mechanism,  which  squeezes  the 
pollen  in  small  quantities  out  of  the  apex  of  the  carina,  and  not 
only  permits  but  requires  numerous  insect-visits.  {Lotus,  Anthyllis, 
Ononis,  Lupinus). 

4.  Papilionaceae  with  a  brush  of  hairs  upon  the  style  which 
sweeps  the  pollen  in  small  portions  out  of  the  apex  of  the  carina. 
They  for  the  most  part  require  repeated  insect-visits.  {Lathyints, 
Pisum,  Vida,  Phascolus). 

In  all  these  groups,  the  stigma  and  the  pollen  are  applied  to 
the  under  side  of  the  bee.  The  pollen  can  therefore  as  a  rule  be 
collected  quickest  and  most  conveniently  by  bees  with  abdominal 
brushes  ;  and  so  we  find  Lotus,  Ononis,  and  Genista  tinctoria  visited 
especially  by  these  forms.  In  Sarothmnnus  both  the  upper  and 
lower  surfaces  of  the  bee  are  dusted  with  pollen  and  come  in 
contact  with  the  stigma. 

In  those  Papilionaceae  whose  reproductive  organs  either  simply 
emerge  or  spring  out  with  an  explosion,  cross-fertilisation  is  ensured 
by  the  stigma  projecting  beyond  the  anthers,  and  coming  first  in  con- 
tact with  the  bee.  In  those  forms  in  which  the  pollen  is  squeezed 
or  swept  out  bit  by  bit,  the  stigma  is  at  first  coated  with  its  own 
pollen,  which  has  probably  no  action  upon  the  stigma  and  is 
rubbed  away  by  the  first  visitors ;  and  the  stigma  only  becomes 
adhesive  and  so  capable  of  fertilisation  after  its  papillae  have  been 
exposed  to  friction.  In  absence  of  insects,  self-fertilisation  seems 
to  take  place  on  a  large  scale  in  very  few  Papilionaceae  (Fisum) ; 
in  several  it  occurs  to  a  small  extent  {Trifolium  repens,  Vicia 
faha) ;  and  in  many  it  never  occurs  {Phascolus,  Onobrychis, 
Sarothamnus),  In  cases  where  self-fertilisation  is  impossible  in 
the  ordinary  flowers,  cleistogamic  flowers  which  regularly  fertilise 
themselves  probably  compensate. 
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Though  almost  exclusively  adapted  for  fertilisation  by  bees, 
many  Papilionacese  allow  their  honey  to  be  stolen  by  Lepidoptera 
and  long-tongued  flies  (e.g.  Onobrychis,  Lottui,  Medicago  fcdcata). 
In  others  (e.g.  Vida  sepium)  the  petals  close  up  so  firmly  that  only 
those  bees  which  are  in  the  habit  of  burrowing  with  all  their 
strength,  can  force  an  entrance.  Such  forms  as  these  exclude  all 
visitors  which  would  rob  the  flower  of  its  honey  without  giving 
any  return ;  but  this  advantage  is  more  or  less  cancelled  by  the 
great  diminution  in  the  number  of  serviceable  visitors. 

Trifolium  prateiise  excludes  short-lipped  bees  from  its  honey 
by  adhesion  of  the  nine  coherent  filaments  with  the  claws  of  the 
petals  to  form  a  long  tube ;  the  same  end  is  attained  in  Viciafaba 
by  the  length  of  the  claws  of  the  petals  and  of  the  calyx-tube. 
Both  plants  are  the  more  visited  on  this  account  by  the  hard- 
working humble-bees  ;  but  on  the  other  hand  they  are  liable  to  be 
often  plundered  by  robber-bees  which  bite  through  the  tube. 

The  great  variety  of  arrangements  in  the  various  Papilionaceae 
seems  to  be  partly  due  to  the  manner  in  which  every  advantageous 
modification  brings  some  disadvantage  in  its  train  ;  for  in  this  way 
it  is  possible  to  have  various  combinations  existing  together,  all 
perfectly  adapted  to  the  given  conditions  of  life 


CJiSALPINIACEiE  AND   MIMOSACEJi:. 

In  these  two  families  the  essential  organs  are  freely  exposed. 
The  petals  or  the  stamens,  or  both  together,  attract  insects.  In 
Mimosacece  the  flowers  are  regular  and  united  in  capitula.  In 
Acacia  Julihrizzin  the  central  flower  of  the  cfipitulura  is  trans- 
formed into  a  great  nectary.  In  Amhcrstia  nohilis  the  carina  is 
abortive,  and  the  alae  assume  the  function  of  rendering  the  flower 
conspicuous ;  the  honey-receptacle  is  hollowed  out  into  a  long  tube, 
which,  together  with  the  brilliant  colour  of  the  flowers,  suggests 
humming-birds  as  the  fertilisers  (178,  360). 

Fritz  Mliller  found  Cassia  mxdtijuya  (Owsalpiniacew)  abundantly 
visited  by  bees  {Xylocopa,  Centris)  in  South  Brazil.  The  pedicles 
were  covered  with  larvae  of  Mcmhracida^,  which  secreted  drops  of 
honey  at  the  posterior  end  of  the  abdomen,  and  tliis  honey  was 
sought  by  Trigonia  cacafogo  (590,  III.). 

Cassia  (?)  is  visited  by  humming-birds  (Mimus)  in  Chili  (Darwin, 
No.  164). 
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Ord.    ROSACEjE, 
Tribe  Prunece, 

127.  Prunus  communis,  Huds.,  a,  {P.  spinosa,  L.),  Blackthorn, 
Sloe. — When  the  flower  opens  the  style  stands  some  millimetres 
above  the  stamens,  whose  anthers  are  still  closed,  and  which  are 
bent  down  towards  the  centre  of  the  flower.  The  stigma  is  already 
mature,  and  projects  even  from  the  half-open  flower;  insects,  in 
alighting,  come  first  in  contact  with  it.  In  due  course  the  petals 
spread  out  into  a  plane,  and  even  further;  the  stamens  become 
erect  and  incline  ouJbwards ;  the  anthers  dehisce,  beginning  with  the 
outermost ;  the  style  also  elongates,  and  overtops  the  shorter 
stamens  immediately  around  it :  its  stigma  is  still  fresh,  and  insect- 
visitors  may  therefore  now  lead  to  self-fertilisation.  The  flowers 
turn  towards  the  sun,  and  in  default  of  insect-visits  self-fertilisation 
may  take  place  by  pollen  falling  on  the  stigma. 

The  numerous  white  flowers  are  very  conspicuous  on  the  black, 
still  leafless  twigs ;  their  abundant  honey  attracts  numerous  insects, 
particularly  flies  and  AndrcTice,  all  the  more  that  the  plant  flowers 
early  (April  and  beginning  of  May)  in  advance  of  most  competitors. 

Visitors  :  A.  Hymenoptera — (a)  Ap'uice  ;  (1)  Halictus  cylindriciia,  F.  ^ ,  b. 
and  c.p.,  ab.  ;  (2)  H.  albipes,  F.  J ,  ditto  ;  (3)  Andrena  dorsata,  K.  9 ,  c.p.  ; 
(4)  A.  parvula,  K.  5,8.  and  c.p.  ;  (5)  A.  fasciata,  Wesm.  (J ,  s.  ;  (6)  A.  albicans, 
K.  9  (J ,  c.p.  and  s.  ;  (7)  A.  fiilva,  Schrank,  9 »  8.  and  c.p.  ;  (8)  A.^fulvicrus, 
K-  9  cJ »  ^-  ;  (9)  -A..  Gwynana,  K.  ^ ,  b.  and  c.p.  ;  (10)  A.  rosee,  Pz.  9 »  8.  and 
c.p.  ;  (11)  A.  Schrankella,  Nyl.  9>  c-p.  ;  (12)  A.  atriceps,  K.  9  (?»  8.  ;  (13) 
Nomada  succincta,  Pz.  (J,  s.  ;  (14)  Osmia  rufa,  L.  (J,  s.  ;  (15)  Apis  mellifica, 
L.  9  J  8.  and  c.p.;  (b)  Tenlhredinitlce :  (10)  Dolerus  gonager,  Kl.,  s.  B. 
Diptera — (a)  Emp\d(p :  (17)  Empis  nistica,  Fall.,  s.  ;  (6)  Syrphidce :  (18) 
Eristalis  arbustorum,  L.  ;  (19)  E.  nemorum,  L.  ;  (20)  E.  intricarius,  L.,  all 
three  s.  and  c.p.  ;  (c)  Muscidce :  (21)  Scatopliaga  stercoraria,  L.  ;  (22)  S. 
nierdaria,  F.,  both  sucking  ;  (23)  Chlorops,  s.  ;  (24)  Sepsis,  s.  ab.  ;  (25) 
Species  of  Anthomyia,  s.  ;  (r/)  BihionidiP :  (26)  Bibio  Marci,  L.,  l.h.  C. 
Coleoptera — NUUhiUdir  :  (27)  Meligethes,  l.h.  D.  Lepidoptera — Rhnpalorera  : 
(28)  Vanessa  lo,  L.,  s. 

128.  Prunus  Padus,  L.,  Bird  Cherry. — This  species  agrees  on 
the  whole  in  its  proterogynous  arrangement  with  P,  spinosa,  but 
the  stamens  remain  throughout  curved  inwards,  so  that  in  the 
second  stage  insect  visits  may  lead  to  self-fertilisation  more  readily 
than  in  the  preceding  species.  In  absence  of  insects,  spontaneous 
self-fertilisation   takes   place    regularly — since  the  inner  stamens 
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dehisce  while  still  bent  down  below  the  stigma,  whose  edge  they 
come  in  contact  with  when  they  afterwards  rise  up. 

Visitors  :  A.  Diptera — Empidce  :  (1)  Empid  livida,  L.  s.  ;  (2)  E.  rustica, 
Fallen,  s.  Also  numerous  small  gnats,  licking  honey.  B.  Hymenoptera — 
Apidct :  (3)  Andrena  parvula,  K.  ? ,  s.  C.  Coleoptera — Nitufulidcr :  (4) 
Meligethes,  l.h.     See  also  No.  590,  11. 

129.  Pruxus  domestica,  L.,  P.  avium,  L.,  and  P.  Cerasus,  L. 
— Anthers  and  stigmas  ripen  simultaneously,  and  spread  apart  out 
of  the  flower;  the  stigmas  overtop  the  inner  stamens  but  stand 
on  a  level  with  the  outer  ones.  Cross-fertilisation  is  favoured  by 
the  likelihood  of  insects  touching  the  "stigma  and  anthers  with 
different  parts  of  their  bodies  while  sucking  the  honey  secreted  by 
the  receptacular  tube.  Insects  collecting  or  feeding  on  pollen  must 
lead  to  self-fertilisation  and  cross-fertilisation  indiscriminately.  In 
flowers  obliquely  placed,  pollen  may  readily  fall  from  the  taller 
anthers  upon  the  stigma. 

Visitors :  A.  Hymenoptera — Apidae  :  (1)  Apis  mellifica,  L.  9  >  ^»  ^'*^ry 
ab.  ;  (2)  Bombus  lapidarius,  L.  ?  ;  (3)  B.  terrestris,  L.  ?  ;  (4)  B.  hortoruni, 
L.  ? ,  all  three  sucking  ;  (5)  Osmia  rufa,  L.  9  <J ,  s.,  ab.  ;  (6)  O.  comuta, 
Latr.  9  (? >  ^  J  (7)  Andrena  fulva,  Schr.  9 »  ^-  ^^^  ^V-  >  (®)  A.  albicans, 
K.  9  (J ,  c.p  and  s. ;  very  ab.  B.  Diptera — Syrphidct :  (9)  Rhinj^ia  rostratji, 
L.,  8.,  ab. ;  (10)  Eristalis  tenax,  L.  ;  (11)  E.  arbustorum,  L.,  s.  C.  Lepi- 
doptera — Rhopalocera :  (12)  Pieris  brassica;,  L.  ;  (13)  P.  rapa?,  L.  ;  (14)  P. 
napi,  L.,  all  three  sucking.     See  also  No.  590,  IL 


Tribe  Spircea;. 

130.  Spir^a  ulmaria,  L. — The  flowers  contain  no  honey  but 
a  great  quantity  of  pollen.  The  stamens  at  first  arch  over  towards 
the  middle  of  the  flower,  so  as  to  cover  the  stigmas  completely ; 
they  gradually  become  erect  and  incline  outwards  in  centripetal 
succession,  and  the  anthers  then  dehisce,  covering  themselves  all 
round  with  pollen.  When  the  stamens  have  risen  up,  the  centre 
of  the  flower  becomes  the  most  convenient  place  both  for  small 
insects  to  settle  on,  and  for  larger  insects  traversing  the  inflorescence 
to  step  upon.  Cross-fertilisation  is  thus  readily  performed,  but 
self-fertilisation  is  also  very  liable  to  occur. 

The  crowded  inflorescences  not  only  attract  numerous  insects 
but  also  lead  to  great  economy  of  time  in  the  process  of  fertilisation. 
In   the   absence  of  insects,  self-fertilisation  almost  always  takes 
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place,  and  croas-fertilisation  may  also  occur  by  the  outer  Btameos 
of  one  flower  coming  to  stand  over  the  stigmas  of  the  next. 


ViBitorfi :  A.  Hymenoptern— (ti)  Apittm:  (1)  Apis  melliflca,  L.  9,nb., 
cp. ;  (2)  AnJrena  Coilana,  K,  ? ,  c.p.  ;  (3)  ProBOpis  commmiia,  Nyl.  ? ,  f.p.  • 
(b)  ChrytUla :  (4)  CliryBis  iffnila,  L.  ;  (5)  Elampun  (luralua,  Weam.  ;  (6) 
Hedychmm  luciduliim,  F.  (I  have  never  Keen  Cirytida  eating  pollen,  and  tm 
I  suppose  that  these  ipecies  were  attracteU  by  tlie  flon-ers  without  findinjf  any- 
thing useful  in  them).  B.  Diptera— (n)  Syrphiticc  .-  (7)  Eriatalia  hoiticola, 
D^.  (Shi)  ;  (8)  E.  arbuatorum,  L.  ;  (9)  E.  nemonim,  L.  ;  (10)  E.  tenai,  U  ; 
(11)  E.  sepiikralis,  L.,— all  enting  pollen,  in  great  numbera  ;  (12)  Volucella 
bombylans,  L.  ;  (13)  Helopliilua  floreus,  L.  ;  (14)  Sjritta  pipiens  L.,  all  f.p,  ; 
(6)  Musculo:;  (15)  Anthomyia  ap.  C.  Coleoptera- (o)  NitidvMa .■  (16)  Cy- 
chrsmUB  luteuB,  F.  ;  (6)  Demititldm  :  (17)  AnthrenuH  pinipinella;,  F.  ;  (r) 
LamtUkornia :  (18)  Trichius  fasciatus,  L.  ;  (19)  CetoDiH  aurata,  L., — both 
feeding  on  Ihe  tiiixueB  of  tlie  flower  ;  {d)  ifordeltidir. :  (20)  Mordclla  acniuata, 
L.  ;  («)  Cerambyeidir  :  (21)  Pnchyta  8-macnlota,  F.  (Sid.);  (22)  Strangdia 
atteniiiLla,  L.,^b()th  feeding  on  the  nnlheiv. 

131.  Spib-Ea  FlLlPENDULA,  L. — The  flowers  secrete  no  honey, 
and  are,  therefore,  visited  only  by  pollen-seeking  insects,  which, 
owing  to  the  position  of  the  parts,  usually  alight  on  the  stigmas  and 
perform  cross -fertilisation.  The  petals  are  bent  backwards  and 
downwards  when  the  flower  is  fully  expanded,  and  they  are  attached 
by  such  narrow  claws  that  tliey  dip  down  under  the  weight  of  a 
small  bee  or  fly,  and  are,  therefore,  unsuitable  for  a  standing-place. 
The  stamens  before  dehiscing  are  bent  Far  outwards,  and  in  the 
centre  of  the  flower  nine  to  twelve  broad  bifld  styles  spread  out  into 
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a  horizontal  plane,  fonning  a  disc  round  whose  edge  the  stigmas, 
directed  x)utward8  and  upwards,  stand.  In  absence  of  insects,  self- 
fertilisation  may  readily  take  place,  since  the  innermost  stamens 
often  remain  directed  inwards  until  dehiscence  has  taken  place. 

Visitors  :  A.  Hymenoptera — Apidce  :  (1)  Halictus  zonulus,  Sm.,  9 ,  cp.  ; 
(2)  H.  sexnotatus,  K.,  ? ,  cp.  B.  Diptera — Syrphidce  :  (3)  Eristalis  arbus- 
torum,  L. ;  (4)  E.  nemorum,  L.  ;  (5)  Helophilus  floreus,  L. ;  (6)  Sjritta 
pipiens,  L. — all  eating  pollen.  C.  Coleoptera — Lamellicomia  :'  (7)  Trichius 
fasciatus,  L.,  rapidly  devouring  the  anthers. 

132.  Spiilea  Aruncus,  L. — The  flowers  of  this  species  also  are 
devoid  of  honey. 

Visitors  (in  my  garden  at  Lippstadt)  :  A.  Hymenoptera — (a)  Apulct : 
(1)  Prosopis  signata,  Pz.  ?  <J,  f.p.  ;  {h)  Sphegidce:  (2)  Oxybelus  bellus,  Dlb., 
f.p.  ;  (c)  Vespidce :  (3)  Odynerus  sinuatus,  F.,  seeking  vainly  for  honey.  B. 
Diptera — (a)  Syrphida  :  (4)  Syritta  pipiens,  L.,  f.p.,  very  ab.  ;  (b)  Muscida  : 
(5)  Species  of  Anthomyia,  f.p.  C.  Coleoptera — (a)  Nitidulida  :  (6)  Meligethes, 
ab.  ;  (6)  Dermestidce :  (7)  Anthrenus  Scrophulariw,  L.,  not  rare  ;  (8)  A. 
pimpinella;,  F.,  very  ab. ;  (9)  A.  claviger,  L.,  scarce. 

133.   SpIR^A  SALICIFOLIA,  L.,  S.  ULMIFOLIA,   L.,  S.  SORBIFOLIA, 

L. — These  commonly  cultivated  species  secure  very  numerous 
insect-visits  by  their  densely  crowded  inflorescences  and  their 
abundant  pollen  and  honey.  The  distinctly  proterogynous  condi- 
tion of  the  flowers  favours  cross-fertilisation  to  a  great  extent,  but 
self-fertilisation  is  also  provided  for  in  case  of  continuous  wet 
weather.  An  annular,  orange-coloured  disk  in  the  base  of  the 
receptacular  tube,  internal  to  the  insertion  of  the  stamens,  secretes 
abundant  honey  in  the  form  of  small  drops.  In  S.  salicifolia,  this 
disk  has  ten  notches. 

Already  before  the  flower  opens,  the  broad  stigmas  are  provided 
with  papillae  and  overtop  the  incurved  stamens.  When  the  flower 
expands,  the  stamens  gradually  rise  up,  and,  one  by  one,  beginning 
with  the  outermost,  their  anthers  dehisce,  coating  themselves  all 
round  with  pollen.  The  stigmas  still  remain  fresh,  and  thus,  though 
at  first  only  cross-fertilisation  is  possible,  later  on  self-fertilisation 
also  may  take  place. 

The  three  species  grow  with  us  in  the  same  localities  and  in 
nearly  equal  abundance.  Tliey  are  visited  by  the  same  insects,  and 
I  have  grouped  the  visitors  in  a  single  list. 

A.  Diptera — (a)  Stintiomyidce  :  (1)  Stratiomys  riparia,  Mgn.,  s.  ;  (h) 
Empida :   (2)   Empis  opaca,  F.,  ab.  ;   (3)    E.  teaselata,  F.,  very  ab.  ;   (4)  E. 
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panctctta,  F.,  all  three  sucking  ;  (c)  Syrphidit :  (5)  Chrysotoxam  festivuni,  L. ; 
(6)  Pipiaa  funebri*,  Mgn.  j  (7)  ChryBogaater  viduata,  L.  ;  (8)  SyrphuH  ribesii, 
L.,£p.  ;  (9)  S.  exciBUB,  Zett,  ;  (10)  Melithreptus  Btrigatiia,  Steg.  ;  (11)  Ascia 
podi^ca,  F.,  e.  ;  (12)  k.  lanccoUta,  Mgn.,  do.  ;  (13)  Rhingia  roatrtto,  L.,  H., 


very  ab.  ;  (14)  Vohicella  plnmata,  MfciL  ;  (15)  Eristalis  arimstornm,  L.  ;  (16) 
E.  nemonim,  L.  ;  (17)  E.  iwpuleraliti,  L.  ;  (18)  E.  tenax,  L.  ;  (19)  E.  pertinai, 
Scop,  ;  (20)  E.  intricariiifs  L.,  nil  both  a.  and  f.p.,  very  ab.  ;  (21)  Helopbilus 
lloreuB,  L,,  b.,  freq, ;  (22)  Xylota  ignava,  Pz.  j  (23)  X.  b^s,  Pi.  ;  (24)  X. 
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lenta,  Pz.  ;  (25)  Syritta  pipiens,  L.,  s.  and  f.p.,  very  ab. ;  (d)  Conopidce :  (26) 
Physocephala  nifipes,  F.,  s. ;  (27)  Myopa  polystigma,  Rondani,  a.  ;  (e)  Mus- 
cida :  (28)  Gymnosoma  rotundata,  L.  ;  (29)  Echinomyia  fera,  L. ;  (30)  E. 
magnicomisi  Zett.  (TekL  B.) ;  (31)  Sarcophaga  camaria,  L.,  s. ;  (32)  S. 
albiceps,  Mgn.,  do.  ;  (33)  Onesia  cognata,  Mgn. ;  (34)  0.  fioralis,  R.  D.  (both 
identified  by  Herr  Winnertz)  ;  (35)  Mesembrina  meridiana,  L.  ;  (36)  Lucilia 
Ciimicina,  F.,  a.  ;  (37)  L.  silvanim,  Mgn.,  s.  ;  (38)  Musca  corvina,  F.  ;  (39) 
Cytoneura  simplex,  Lcbw.  (identified  by  Herr  Winnertz) ;  (40)  species  of 
Anthomyia ;  (/)  Bibionidce :  (41)  Bibio  hortulanus,  L.,  Lh.  ;  (g)  Tipulidce : 
(42)  Pachyrrhina  pratensis,  L.,  do. ;  (h)  Chironomidai :  (43)  Ceratopogon, 
very  ab.,  s.  B.  Hymenoptera — (a)  Tenthredinidce  :  (44)  Tenthredo  bicincta, 
L.,  Lh.  ;  (b)  Ichneumonidoe :  (45)  Various  ;  (c)  FormicidcB :  (46)  Many  small 
ants  lick  the  honey,  and  also  capture  the  numerous  small  midges  which  are 
attracted  by  it ;  (d)  Chrysidce :  (47)  Hedychrum  lucidulum,  F.  (J ;  (e) 
Sphegidce :  (48)  Oxybelus  uniglumis,  L.,  very  ab.,  s.  ;  (49)  0.  bellus,  Dlb., 
do. ;  (50)  Crabro  lapidarius,  Pz.  <J,  s.  ;  (51)  Psen  atratus,  Pz.,  s.  j  (52) 
Passaloecus  monilicornis,  Dlb.  $ ,  s.  ;  (53)  Cerceris  arenaria,  L.,  not  rare  ;  (54) 
Ammophila  sabulosa,  L.  ;  (55)  Pompilus  neglectus,  Wesm.,  s.  ;  (/)  Ve^idas : 
(56)  Odynerus  quinquefasciatus,  F.  ;  (g)  Apidcs :  (57)  Halictus  sexstrigatus, 
Schenck,  ? ,  s.  ;  (58)  H.  sexnotatus,  K.  ? ,  c.p.  ;  (59)  H.  flavipes,  K.  ?  ;  (60) 
Andrena  albicrus,  K.  9  3i  ^-P*  ^^^  ^y  a^<  t  (61)  A  fucata,  Sm.  $,  s.  and 
c.p.  ;  (62)  A  Schrankella,  NyL  <J,  s.  ;  (63)  A  fulvicnis,  EL  (J,  s.  ;  (64)  A 
parvula,  K.  J ,  s.  and  c.p.,  ab. ;  (65)  A  dorsata,  K.  ? ,  s.  and  c.p.,  very  ab.  ; 
(66)  A  albicans,  K.  ? ,  s.  and  cp.,  ab.  ;  (67)  A  nigroaenea,  K.  (J ,  s. ;  (68)  A 
Trimmerana,  K,  ? ,  s.  ;  (69)  Osmia  rufa,  L.  J ,  cp. ;  (70)  Bombus  terrestris, 
L.  9 ,  cp.  and  s. ;  (71)  B.  senilis,  Sm.  J ,  cp.  ;  (72)  B.  Scrimshiranus,  K.  9 » 
cp.  ;  (73)  Apis  mellifica,  L.  § ,  cp.  and  s.  C.  Coleoptera — (a)  Demiestida : 
(74)  Anthrenus  scrophulariae,  L.  ;  (75)  A  pimpinella?,  F. ;  (76)  A  muse- 
orum,  L.  ;  (77)  Attagenus  pellio,  L. ;  (78)  Byturus  fumatus,  L.,  all  five  very 
ab.,  Lh. ;  (6)  Nitidulida :  (79)  Meligethes,  ab.  ;  (c)  Elateridce :  (80)  Lacon 
murinus,  L. ;  (81)  Cardiophorus  cinereus,  Hbst,  Lh. ;  (rf)  Lamelltcomia :  (82) 
Trichius  fasciatus,  L.  ;  (83)  Phyllopertha  horticola,  L.,  both  feeding  on  the 
tissues  of  the  flower ;  («)  Malacodermata :  (84)  Malachius  bipustulatus,  F., 
devouring  the  anthers ;  (85)  Dasytes  flavipes,  L. ;  (/)  Mordellidce :  (86)  An- 
aspis  frontalis,  L.,  ab.  ;  (87)  A.  maculata,  Fourc,  both  Lh.  ;  (g)  Cerambycidce : 
(88)  Clytus  arietis,  L.,  Lh. ;  (89)  Strangaha  nigra,  L.  ;  (90)  Str.  attenuata,  L., 
freq.  ;  (91)  S.  armata,  Hbst  ;  (92)  Leptura  li\dda,  F.,  very  ab. ;  (93)  Gram- 
moptera  ruficomis,  F.,  all  Lh.  ;  (h)  CistelidcB :  (94)  Cistela  murina,  L.,  ab., 
feeding  on  the  anthers  and  other  tissues.  D.  Neuroptera — (95)  Panorpa 
communis,  L.,  Lh, ;  (96)  Agrion,  flew  not  infrequently  on  to  flowers  of  Spiraea 
but  apparently  only  to  sun  itself  (June  4,  1870).  E.  Lepidoptera — (97)  Tor- 
trix  plumbagana,  Tr.  ;  (98)  Adela  sulzella,  W.  V.,  ab.,  s.  (both  identified  by 
Dr.  Speyer).     See  also  No.  590,  11. 

Tribe  Rubem, 

134.  EuBUS  lDiEUS,L. (Raspberry).— In  the  Raspberry  and  Black- 
berry honey  is  abundantly  secreted  by  a  fleshy  ring  or  disk  upon 
the  border  of  the  receptacular  tube,  internal  to  the  attachment  of 
the  stamens.     In  the  Raspberry  the  small  narrow  petals  remain 
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erect,  and  even  inclined  towards  one  another  above,  and  the 
stamens,  which  dehisce  either  on  the  side  towards,  or  on  that  away 
irom,  the  centre,  have  no  room  to  spread  out,  but  remain  closely 
packed  between  the  styles  and  petals ;  so  that  an  insect  may  easily 
insert  its  proboscis,  but  scarcely  its  whole  head,  between  the  styles 
and  stamens  to  reach  the  honey-secreting  ring.  The  accessibility  of 
the  honey  is  thus  greatly  reduced,  but  at  the  same  time,  since 
part  of  the  stigmas  come  in  contact  with  the  anthers,  self-fertilisation 
is  insured.  In  the  event  of  insect- visits  cross-fertilisation  is  easily 
accomplished;  for  the  insect  often  alights  in  the  centre  of  the 
flower,  touching  the  stigmas  first,  and  in  bending  the  head  down 
between  stigmas  and  stamens  the  former  may  easily  be  dusted  with 
pollen  from  another  flower.  The  much  less  conspicuous  flowers  and 
less  accessible  honey  cause  insect- visits  to  be  fewer  and  less  varied 
than  in  the  case  of  the  bramble;  and  self-fertilisation  is  very 
frequently  made  use  of. 

Visitors :  A.  Hymenoptera — (a)  Apidce  :  (1)  Apis  mellifica,  L.  § ,  very 
ab.,  both  8.  and  c.p.  ;  (2)  Bornbus  agrorum,  F.  ? ,  s.,  ab.  ;  (3)  B.  pratorum,  L. 
9  c? ,  s.  and  c.p.,  freq.  ;  (4)  B.  hortomm,  L.  9 ,  c.p. ;  (5)  B.  senilis,  Shl  9,8.; 
(6)  B.  silvarum,  L.  ? ,  s. ;  (7)  Andrena  nigroajnea,  K.  <? ,  s.  ;  (8)  A.  albicrus, 
K.  (J,  s.  ;  (9)  Halictus  sexnotatus,  K.  ?  ;  (10)  H.  lucidus,  Schenck,  §  ;  (11) 
H.  nitidiusculus,  K.  9,  all  three  sucking;  (h)  Sphegidce:  (12)  Qorytes 
mystaceus,  L.  ;  (c)  Tenthredinifice :  (13)  Tenthredo  rustica,  L.  B.  Diptera — 
Syrphidct:  (14)  Rhingia  rostrata,  L.,  s.  and  f.p.  ;  (15)  Volucella  pellucens,  L. 
(Sid.),  s.  and  f.p.  C.  Coleoptera — (a)  Dermestidce :  (16)  Bytums  fumatus,  L., 
devouring  the  anthers  and  licking  honey  ;  (b)  Cei'amhycxdoe :  (17)  Pachyta 
8-macnlata,  F.,  licking  honey  and  feeding  on  the  tissues  of  the  flower,  ab. 
in  Sid. 

135.  RuBUS  FRUTicosus,  L.  (Blackberry,  Bramble). — The  flowers 
of  the  bramble  have  advantages  in  several  respects  over  those  of 
the  Raspberry ;  the  large  petals,  spreading  out  flat,  are  very  con- 
spicuous ;  and  the  stamens  also  spreading  outwards  leave  the  honey- 
secreting  ring  easily  accessible.  These  two  characters  induce  much 
more  numerous  and  varied  insect- visits  than  the  Raspberry  obtains. 
The  outermost  anthers  are  the  first  to  dehisce,  and  the  stigmas 
ripen  at  the  same  time ;  and  most  flowers  have  been  cross- 
fertilised  before  the  inner  anthers  are  mature.  Insects  may  alight 
with  equal  convenience  either  in  the  centre  or  at  the  circumference 
of  the  flower,  and  therefore  come  in  contact  either  with  the  stigmas 
or  with  the  ripe  stamens.  Only  the  innermost  stamens  rise  up 
after  they  have  dehisced,  to  come  in  contact  with  the  outermost 
stigmas. 

Q  2 
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Viflitors :  A,  Hymenoptera — (a)  Apida ;  (1)  Apis  mellifica,  L.  9  >  ^.p*  w^d 
8.,  very  ab.  ;  (2)  Bombus  agrorum,  F.  ?  ;  (3)  B.  terrestris,  L.  J  ;  (4)  B. 
hortorum,  L.  §  ;  (5)  B.  pratorum,  L.  §  (J ;  (6)  B.  Scrimshiranus,  KL  §  ;  (7) 
B.  silvarum,  L.  $ ,  all  these  humble-bees  sometimes  suck,  sometimes  collect 
pollen,  while  the  following  parasitic  humble-bees  of  course  only  suck  ;  (8)  B. 
(Apathus)  vestalis,  Fourc.  ?  ;  (9)  B.  campestris,  Pz.  ?  ;  (10)  Macropis  labiata, 
Pz.  (J  ;  (11)  Andrena  Qwynana,  K,  J  ;  (12)  A.  albicrus,  K.  (J  ;  (13)  A  thoiacica, 
K.  ?  ;  (14)  Halictus  zonulus,  Sm.  ?  ;  (15)  H.  lucidulus,  Schenck,  ?  ;  (16)  H. 
villosulus,  K.  9;  (17)  H.  sexnotatus,  K.  ?;  (18)  H.  cylindricus,  F.  ?  <J, 
(10)— (18)  all  sucking  ;  (19)  H.  leucozonius,  K,  ?,  c.p. ;  (20)  H.  albipes,  F.  ?, 
c.p.  ;  (21)  Coelioxys  umbrina,  Sm.  ?  (J ;  (22)  Nomada  ruijcomis,  L.  (J ;  (23) 
N.  lineola,  Pz.  <J ;  (24)  N.  lateralis,  Pz.  ? ;  (25)  N.  Fabriciana,  L.  ?  ;  (26) 
Diphysis  sexratulse,  Pz.  J  ;  (27)  Osmia  fusca,  Christ  ?  ;  (28)  Stelis  breviuscula, 
NyL  (J ;  (29)  Prosopis  excisa,  Schenck,  (J ;  (30)  P.  variegata,  F.  (J ;  (31)  P. 
communis,  Nyl.  (J ,  all  sucking ;  (b)  Sphegidce :  (32)  Crabro  patellatus,  v.  d. 
L.  ?  cJ  ;  (33)  Oxybelus  uniglumis,  L.  ?  (J  ;  (34)  Ammophila  sabulosa,  L.  ?  (^ ; 
(35)  A.  (Miscus)  campestris,  Jur.  (J  ;  (36)  Cerceris  nasuta,  Dlb.  <J,  all  sucking. 
B.  Diptera — (a)  Straiiomyidas :  (37)  Sargus  cuprarius,  L.,  s.  ;  (38)  Chrysomyia 
formosa,  Scop,  s.;  (b)  EmpidcB:  (39)  Empis  livida,  L.,  ab. ;  (40)  E.  tesselata, 
F.,  both  sucking ;  (c)  Syrphidce :  (41)  Ascia  podagrica,  F.  ;  (42)  Syritta 
pipiens,  L.,  ab. ;  (43)  Eristalis  tenax,  L.,  ab. ;  (436)  Helophilus  pendulus, 
L.,  ab. ;  (44)  Chrysotoxum  arcuatum,  L.  (Sid.) ;  (46)  Volucella  pellucens,  L. 
(Sid.) ;  (46)  Rhingia  rostrata,  L.,  all  sometimes  sucking,  somtimes  collecting 
pollen  ;  (d)  Conopidce :  (47)  Physocephala  rufipes,  F..  s.  ;  (e)  TipulidcB :  (48) 
Tipula  oleracea,  L.,  s.  C.  Coleoptera — (a)  Demiestidce  :  (49)  Byturus  fumatus, 
L.,  8.  and  feeding  on  the  tissues  of  the  flower  ;  (b)  Elaterida  :  (50)  Diacanthus 
aeneus,  L. ;  (51)  Limonius  cylindricus,  Payk.,  both  feeding  on  the  softer 
tissues ;  (c)  LameUicomia :  (52)  Trichius  fasciatus,  L.,  do.  ;  {d)  Malaco- 
dermaia :  (53)  Telephorus  rusticus,  L.,  (54)  Malachius  bipustulatus,  F.,  do.  ; 
(e)  (Edemerida :  (55)  (Edemera  virescens,  L.,  do.,  and  licking  honey ;  (/) 
CeramhyddcR :  (66)  Clytus  arietis,  L.  ;  (57)  Leptura  livida,  F. ;  (58)  Pachyta 
8-maculata,  F.  (Sid.,  ab.)  ;  (59)  Strangalia  armata,  Hbst.  ;  (60)  S.  atra,  F.  ; 
(61)  S.  nigra,  L.  ;  (62)  S.  melanura,  L.,  all  sometimes  licking  honey,  sometimes 
feeding  on  pollen,  anthers,  and  other  parts  of  the  flower ;  {g)  Nitidulida  :  (63) 
Meligethes,  ab.  D.  Lepidoptera — Rhopalocera :  (64)  Argynnis  Paphia,  L. ; 
(65)  Pieris  cratsegi,  L.  ;  (66)  P.  napi,  L.  ;  (67)  Hesperia  paniscus,  F.,  all 
sucking.     Twenty-six  additional  visitors  are  enumerated  in  No.  590. 11. 

Ruhus  saxaiiliSy  L.,  is  proterogynous,  with  long-lived  stigmas. 
Its  arrangements  for  cross-fertilisation  resemble  those  of  Cotoneaster, 
The  fertilising  agents  are  chiefly  bees  (609,  fig.  85). 


Tribe  PotentUleas. 

Dryas  octopetcUa,  L.,  is  androdioecioiis.  Its  hermaphrodite 
flowers  are  usually  feebly  proterogynous,  after  the  manner  of  Geum 
urbanum,  L. ;  but  sometimes  the  stigmas  are  covered  over  by  the 
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inner  stamens  even  for  some  time  after  the  outer  anthers  have 
dehisced,  and  such  flowers  therefore  are  essentially  proterandrous 
(609). 

136.  Geum  rivale,  L. — The  honey  exudes  in  numerous  minute 
drops  from  the  base  of  the  receptacular  tube,  and  is  diligently 
sought  by  humble-bees  while  most  of  the  flowers  are  still  in  the 
bud.  Bombus  terrestris,  L.  J,  which  steals  honey  from  many 
diflferent  flowers,  sucks  honey  in  Geum  rivale  also  from  the  -outside 
in  yet  unopened  flowers,  thrusting  in  its  proboscis  between  the 
sepals  and  petals.  Even  after  the  flower  is  expanded,  B.  terrestris 
often,  and  other  species  of  Bombus  occasionally,  obtain  the  honey 
in  this  way ;  but  for  the  most  part  humble-bees  hang  suspended 
to  the  flower,  which  they  grasp  with  their  mid  and  hindlegs, 
putting  their  forelegs  and  head  inside  the  flower.  The  outer 
portion  of  the  honey  they  seem  to  reach  more  easily  from  the 
outside.  This  liability  of  the  honey  to  be  reached  from  the  out- 
side is  a  serious  imperfection  in  the  flower,  which  thus  gets  deprived 
of  its  honey  without  receiving  cross-fertilisation  in  return. 

The  flowers  are  proterogynous,  and  in  young  flowers  the  ripe 
stigmas  project  far  beyond  the  still  closed  anthers.  Cross- 
fertilisation  is  thus  insured  if  at  this  time  a  bee  inserts  its  head 
in  the  legitimate  manner.  Later,  the  stamens  elongate  till  their 
anthers  stand  on  a  level  with  the  outermost  stigmas ;  in  dehiscence, 
the  anthers  cover  themselves  all  round  with  pollen.  When  the 
flower  closes,  the  anthers  are  brought  in  contact  with  the  outer- 
most stigmas,  and  self-fertilisation  results,  unless  the  pollen  has 
been  removed  by  bees.  Since  the  plant  grows  sheltered  in  woods, 
it  is  visited  by  numerous  bees  even  in  unfavourable  weather. 

According  to  Mr.  T.  Whitelegge,  (?.  rivale  is  occasionally  andro- 

monoecious  (774). 

Visitors :  A.  Hyinenoptera— JjwcfcB ;  (1)  Bombus  terrestris,  L.  J  ;  (2)  B. 
lapidarius,  L.  ?  ;  (3)  B.  confusus,  Schenck,  J  ;  (4)  B.  hypnorum,  L.  ? ;  (5) 
B.  pratorum,  L.  ?  §  ;  (6)  B.  Scrimshiranus,  L.  ?  §  ;  (7)  B.  hortorum,  L. 
9  9 ,  vexy  ab.  ;  (8)  B.  agrorum,  F.  ?  ;  (9)  B.  fragrans,  K.  J ,  very  scarce  ; 
(10)  B.  senilis,  Smith,  ?  ;  (11)  B.  silvanim,  L.  ?,  ab.,  all  sucking  (B.  eil- 
varum,  5 » and  B.  pratorum,  9 » also  collected  pollen,  hanging  back  downwards 
to  the  flower) ;  (12)  Apis  mellifica,  L.  9  >  sucking  the  flowers  from  outside, 
ab. ;  (13)  Andrena  helvola,  L.  ? ,  seeking  vainly  for  honey.  B.  Diptera — 
SyrphidcR :  (14)  Rhingia  rostrata,  L.,  very  ab.,  s.  and  f.p.  C.  Coleoptera — 
NitiduUdcB:  (15)  Meligethes,  ab. 

Geum  rejptanSy  L.,  and  G.  montanum,  L.,  are  proterogynous  and 
androdioecious ;   that  is  to  say,  besides  the  ordinary  individuals 
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with  hermaphrodite  proterogynous  flowers,  other  plants  occur  in 
all  of  whose  flowers  the  pistil  is  suppressed  while  the  stamens 
remain  (609). 

137.  Qeum  urban  um,  L. — The  flowers  are  much  smaller  than 
those  of  G,  rivale,  and  appear  at  a  season  (July,  August)  and  in 
spots  where  many  more  conspicuous  flowers  compete  with  them. 
They  accordingly  receive  few  insect-visits,  and  rely  for  the  most 
part  on  self-fertilisation. 

Honey  is  secreted  by  a  green,  fleshy,  annular  ridge  at  the 
base  of  the  receptacular  tube,  internal  to  the  insertion  of  the 
stamens.  When  the  flower  opens  all  the  stamens  are  bent  inwards, 
so  that  their  anthers  lie  close  upon  the  outer  carpels,  while  the 
inner  styles  with  ripe  stigmas  project  in  the  centre  of  the  flower. 
The  outermost  stamens  now  bend  outwards  and  the  anthers  dehisce, 
turning  their  pollen-covered  surfaces  upwards;  when  the  innermost 
stamens  dehisce  in  their  turn,  some  of  their  pollen  almost  always 
comes  upon  the  outer  stigmas.  If  the  flower  is  visited  early  by 
insects,  its  feebly-marked  proterogynous  dichogamy  may  insure 
cross-fertilisation ;  if  the  visits  are  deferred  till  later,  crossing  may 
still  be  eflfected  by  an  insect  which  alights,  dusted  with  pollen, 
in  the  centre  of  the  flower.  But  self-fertilisation  must  take  place 
very  often,  both  spontaneously  and  by  the  agency  of  insects  which 
alight  at  the  edge  of  the  flower. 

I  have  only  observed  the  following  visitors  :  A.  Diptera — Syrphida  :  (1) 
Melithreptus  scriptus,  L.,  s.  and  f.p.  B.  Coleoptera— Z)«'m««/w/<B  ;  (2)  Byturuft 
fumatus,  L.,  f.p. 

138.  Fragaria  vesca,  L.  (Strawberry). — The  honey  is  secreted 
by  a  narrow,  fleshy  ring  at  the  base  of  the  receptacular  tube, 
sheltered  between  the  stamens  and  the  outer  carpels.  The  petals 
spread  out  into  a  level  disk,  forming  a  convenient  alighting-place 
for  insects.  An  insect  standing  on  a  petal  must,  to  reach  the 
honey,  thrust  its  head  between  the  stamens,  and  bring  it  in  contact 
with  the  stigmas.  If  both  stigmas  and  anthers  ripened  together 
self-fertilisation  would  thus  be  occasioned  directly  by  the  insects, 
but  as  a  matter  of  fact  the  stamens  come  to  maturity  much  later 
than  the  stigmas.  Cross-fertilisation  is  also  favoured  by  the  shape 
and  manner  of  dehiscence  of  the  anthers ;  for  these  are  expanded 
into  flat  disks,  so  that  the  intervening  spaces  are  so  much  narrowed 
that  even  Halictus  and  the  smaller  flies  cannot  reach  the  nectary 
with  their  heads,  without  rubbing  against  some  of  the  anthers.   The 
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anthers  dehisce  at  their  edges,  and  are  only  covered  with  pollen 
at  these  parts.  In  absence  of  insects,  I  have  noticed,  in  the  case  of 
plants  blooming  in  my  room,  that  some  pollen  falls  at  length  upon 
the  stigmas,  in  consequence  of  the  oblique  (light-seeking)  position 
of  the  flower. 

Visiton:  A,  Diptera — (a)  Empidce:  (1)  Empis  livida,  L.,  s.  ;  (l)  Syr- 
phid(B:  (2)  Eristalis  sepulcralis,  L.,  s.  ;  (3)  Syrphus,  s. ;  (4)  MelithreptoB 
menthastri,  L.,  s.  ;  (5)  Rhingia  rostrata,  L.,  s. ;  (6)  Syritta  pipiens,  L.,  s.,  ab. ; 
(c)  Muscidas :  (7)  Anthomyia  sp.  ;  (8)  Musca  corvina,  F.  B.  Coleoptera — 
ifi)  Dermestidas :  (9)  Anthrenus  pimpinellae,  F.,  l.h.  ;  (10)  A  scrophulariae, 
L.,  Lh.  ;  (b)  NitidulidcB :  (11)  Meligethes,  ab. ;  (c)  Malacodermata :  (12) 
Dasytes  flavipes,  F.  ;  (13)  Malachius  bipustulatus,  F.,  both  species  licking 
honey,  and  also  devouring  the  anthers  ;  (rf)  AfordeUida  :  (14)  Mordella  acu- 
leata,  L.,  Lh.  ;  (e)  Cerambyddcn :  (15)  Grammoptera  ruficomis,  Pz.,  not  rare, 
Lh.,  and  also  devouring  the  anthers.  C.  Thysanoptera — (16)  Thrips,  ab.,  s. 
D.  Hymenoptera — (a)  Apidce :  (17)  Prosopis  communis,  NyL  ? ;  (18)  Hal- 
ictus  lucidulus,  Schenck,  ?,  s.  ;  (19)  H.  sexstrigatus,  Schenck,?  ;  (20)  An- 
drena  dorsata,  K.  ? ,  c.p. ;  (21)  Nomada  sexfasciatus,  Pz.  (J ;  (22)  N.  rufi- 
comis, L.  ? ,  s. ;  (23)  N.  signata,  Jur.  (J ,  s.  ;  (24)  Apis  mellifica,  L.  § ,  c.p.  ; 
(b)  Sphegidce:  (25)  Oxybelus  uniglumis,  L.,  Lh.  See  also  No.  590,  n,  and 
No.  609. 

In  the  United  States,  cultivated  species  of  Fragaria  incline  to 
dioecism. 

139.  PoTENTiLLA  VERNA,  L. — The  annular  ridge  on  the  inner 
wall  of  the  receptacular  tube,  which  surrounds  the  base  of  the 
stamens  and  is  marked  by  its  dark,  sometimes  reddish-yellow, 
colour,  and  bright  polished  appearance,  secretes  honey  not  in  drops 
but  in  a  very  evident  smooth  adherent  layer.  The  anthers  get 
covered  on  both  sides  with  pollen,  and  ripen  simultaneously  with 
the  stigmas.  Insect- visitors  alight  sometimes  in  the  middle  of  the 
flower,  sometimes  on  the  petals ;  in  the  latter  case  they  dust  them- 
selves with  pollen,  but  are  not  likely  to  come  in  contact  at  all  with 
the  stigmas,  as  the  honey-secreting  ring  lies  farther  outwards  than 
in  the  preceding  species  ;  if  they  alight  in  the  middle  of  the  next 
flower,  cross-fertilisation  is  accomplished.  Self- fertilisation  must 
in  any  case  be  a  frequent  occurrence.  In  dull  weather  the  flowers 
close  partially,  and  at  night  they  shut  completely,  bringing  the 
anthers  in  contact  with  the  stigmas. 

Visitors  (from  April  21  to  May  24):  A.  Hymenoptera— ^j>u/a ;  (1) 
Halictus  leucopuo,  K.  9,8.  and  c.p.  ;  (2)  H.  flavipes,  K.  J ,  c.p.  ;  (3)  H. 
sexstrigatus,  Schenck,  J,  c.p.  ;  (4)  H.  cylindricus,  F.  J,  c.p.  ;  (5)  Andrena 
albicans,  K.  ?  (J ,  c.p.  and  s.,  ab.  ;  (6)  A.  albicrns,  K.  <J ,  s. ;  (7)  A.  nana,  K. 
(J,  s. ;  (8)  A.  argentata,  Smith  (=  A.  gracilis,  Schenck),  <J,  s.  ;  (9)  A.  fulvi- 
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criu,  K.  (J.s. ;  (10)  A.  pairula,  E.  ?,&;  (11)  A.  doraata,  K.  $,cp. ;  (IS) 
A  cbiymsceles,  NjL  $,  s.  ;  (13}  Noniada  ruficomia,  L.  ^  ;  (14)  Oamia 
fnsca,  Christ  (bicolor,  Schrank),  $ ,  b.  and  c.p.  ;  (IS)  Apis  mellifica,  L.  9 ,  i. 
B.  Diptera— (a)  Stratiomyida; :  (16)  Odontotnyia  ugentata,  F.,  b.  ;  (b)  Syr- 
phida  ;  (17)  Sfritta  pipiene,  L.,  b.  ;  (18)  Syrphas,  s. ;  (19)  Rhingia  roatrata, 
L.,  a.;  (20)  Cheiloaia  piwcoi,  Zett.,  ab.,  a.  ;  (21)  Ch.  modesU,  ^g.,  &;  (e) 
Mtucida:  (23)  PoUenia  veapillo,  F. ;  (23)  Onesia  cognata,  Hgn. ;  (24)  O. 
floralia,  R  D.,— all  three  socking.  C.  Coleoptem— JVi/irfufirfff .-  (25)  Meligethcs, 
licking  honey,  ab.    See  dM  No.  590, 11. 


_.j:  tlH(iitbn'h>iid(U*ndUI«iIlT(x  Sj). 
r,  mrnlli :  d.  ituaru ;  r,  jcUov  Oeaby  ilng  ud  vkicli  Uie  ItHMBi  1 
I  •n-iTiM  boiKi;  /,  int»ni«l  onnin-nilaiuTd  jart  o(  Uk  rtng,  wliick  t< 

iT  «rh  pcul  (paUifiiidrr)  -  i,  taipe\. 


PottntiUa  minima.  Holier  fit. — Tlie  nnnesed  figure  may  serve 
as  an  illustration  of  a  simple,  open,  regular  flower,  cross-fertilised 
by  a  miscellaneous  lot.  of  short-lipped  inseets,  wliioh  has  already 
acquired,  besides  a  neetary,  a  honey-receptacle,  a  contrivance  to 
shelter  the  honor,  and  guides  or  p.tthfinders  to  ix)int  towards  it 

140.  PoTESTlLLA  REPTAXs,  L. — The  floml  meehaoism  resem- 
bles that  of  P.  vfma,  and  the  tertilising  agenti  in  like  manner 
ate  rhiefly  the  less  specialised  bees. 
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A.  Hymenoptera — Apidcs :  (1)  Prosopis  armillata,  NyL  ?  ;  (2)  Pr. 
hyalinata,  Sm.  ?  ;  (3)  Halictus  maculatus,  Sm.  ? ,  c.p. ;  (4)  H.  leticuzonius, 
Schrank,  ? ,  c.p. ;  (6)  H.  sexstrigatus,  Schenck,  ? ,  c.p.  and  s. ;  (6)  Andrena 
albicrus,  K.  (J  ;  (7)  A.  nana,  K.  (J ,  s. ;  (8)  Sphecodes  gibbus,  L.  (J ,  b.  ;  (9) 
Nomada  xanthosticta,  K.  (J,  s. ;  (10)  N.  succincta,  Pz.  (J,  s.  ;  (b)  Sphegidce: 
(11)  Ammophila  sabulosa,  L.  (J.  B.  Diptera — SyrphidcR :  (12)  Syrphus 
arcuatns,  Fallen,  f.p.     See  also  No.  590, 11. 

141.  PoTENTiLLA  ANSERINA,  L. — The  floral  mechanism  resembles 
that  of  P,  vcma. 

Visitors:  Hymenoptera — (a)  Apidcs:  (1)  Halictus  flavipes,  K.  9,  c.p. 
(2)  H.  sexstrigatus,  Schenck,  ? ,  c.p.  ;  (6)  Sphegidce :  (3)  Oxybelus  uniglnmis, 
L  ;  (4)  0.  belliis,  Dlb.     See  also  No.  590,  11.,  and  No.  609. 

142.  PoTENTiLLA  FRUTicosA,  L. — In  this  flower  also  I  have 
failed  to  discover  distinct  drops  of  honey,  but  the  smooth  shining 
ring  or  disk  at  the  base  of  the  receptacular  tube,  surrounding  the 
stigmas,  is  so  much  visited  by  insects,  including  even  the  honey- 
bee, that  I  can  scarcely  doubt  that  a  thin  layer  of  honey  covers  the 
epidermis  in  this  part.  The  stigmas  ripen  simultaneously  with  the 
anthers,  which  dehisce  laterally.  Insects,  as  they  happen  to 
alight  in  the  centre  of  a  flower  or  on  a  petal,  touch  stigmas  or 
stamens  first,  and  thus  cross-fertilisation  and  self-fertilisation  seem 
equally  probable.  In  absence  of  insects,  some  of  the  stamens  curve 
inwards  as  they  wither,  and  come,  still  dusted  with  pollen,  in  con- 
tact with  the  stigmas.  In  sunny  weather  the  conspicuous  flowers 
attract  very  numerous  insects. 

Visitors:  A.  Hymenoptera — (a)  Apid(e :  (1)  Apis  mellifica,  L.  9>  ^b. 
(the  bee  alights  in  the  middle  of  the  flower,  and  turning  round  passes  its 
tongue  over  the  whole  honey-bearing  ring  which  surrounds  the  bases  of  the 
stamens, — it  effects  cross-fertilisation  regularly)  ;  (2)  Hah'ctus  zonulus,  Sm. 
9 ,  also  licking  honey  ;  (6)  Sphegidce :  (3)  Oxybelus  bellus,  Dlb.,  very  ab. 
often  four  at  once  in  a  flower  ;  (4)  0.  uniglumis,  L.,  scarce,  both  licking 
honey.  B.  Diptera — (a)  Stratiomyida; :  (5)  Sargus  cuprarius,  L.,  ab.  ;  (6) 
Tahanidce:  (6)  Chrysops  cojcutiens,  L.  (J;  (c)  Syrphidce :  (7)  Eristalis 
eepulcralis,  L. ;  (8)  E.  arbustorum,  L.  ;  (9)  Helophilus  pendulus,  L. ;  (10) 
H.  floreus,  L.  ;  (11)  Melithreptus  taeniatus,  Mgn. ;  (12)  Syritta  pipiens,  L. 
(7) — (11)  all  ab.,  sometimes  l.h.,  sometimes  f.p.  ;  (fQ  Conopidce:  (13)  Sicus 
ferrugineus,  L. ;  (e)  Muscidce.:  (14)  Sarcophaga  camaria,  L.,  ab.  ;  (15)  Lucilia 
silvarum,  Mgn. ;  (16)  L.  Comicina,  F.,  both  ab. ;  (17)  Anthomyia,  very  ab.  ; 
(18)  Scatophaga  merdaria,  F.,  ab. ;  (19)  Sepsis,  very  freq.  (12)— (18)  only  l.h. 
C.  Coleoptera— (a)  Nitidulidce :  (20)  Meligethes,  very  ab.,  f.p.  ;  {b)  Malaco- 
dermata  :  (21)  Dasytes  flavipes,  L.,  licking  honey  and  devouring  the  anthers. 

143.  PoTENTiLLA  ToRMENTiLLA,  Nestl. — The  floral  mechanism 
is  as  in  P.  veima,  but  the  secretion  of  honey  is  more  evident.     The 
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flattened  anthers  dehisce  edgewise  as  in  Fragarm,  and  only  their 
thin  edges  remain  coated  with  pollen. 

Visitors:  A,  Hymenoptera — ApidcR :  (1)  Andrena  denticulata,  K.  ?  <J,  a. 
and  c.p. ;  (2)  A  parvula,  KL  9 ,  c.p.  B.  Diptera — (a)  Bombyliida :  (3)  Sys- 
toechus  sulfureus,  F.,  s.  (Sid.)  ;  (Jb)  Syrphidce :  (4)  Chrysotoxum»bicinctum,  L., 
freq.  (Sid.)  ;  (5)  Melithreptus  scriptus,  L.,  f.p.  ;  (6)  Clieilosia  sp.  (pictipennis, 
Egger  ?),  f.p.     See  also  No.  590, 11.,  and  No.  609. 

Fotentilla  cUrosanguinea,  Lodd. — The  flowers,  according  to 
Delpino,  are  proterandrous,  with  short-lived  stigmas :  in  the  first 
stage  the  anthers  are  unripe  and  radiate  outwards ;  in  the  second, 
they  stand  erect  on  a  level  with  the  stigmas.  Andrena  and 
Halictus  were  observed  to  visit  the  flower  (178,  360). 

Potentilla  argentea,  L. — Twenty  species  of  insect- visitors  are 
enumerated  in  my  Weitere  Beobachtungen,  II. 

Potentilla  Salisburgensis,  Haenke  (=  P,  aurea,  var.  fi\  P.  awrea, 
L.,  P,  grandiflora,  L.,  P.  caulescens,  L.  (vide  IHe  Alpenblumen,  pp. 
218—222). 

Sibbaldia  procumbent,  L. — The  honey  lies  fully  exposed,  and 
the  tiny,  greenish-yellow  flowers  are  abundantly  visited  by  small, 
short-lipped  insects  (Mvscidce,  Ants,  Ichneunumidce).  Stigmas  and 
anthers  ripen  simultaneously,  but  stand  too  far  apart  for  spontaneous 
self-fertilisation  to  take  place  (609,  fig.  87). 

Tribe  Poteriece, 

144.  Alchemilla  vulgaris,  L. — The  tiny  flowers  are  desti- 
tute of  a  corolla.     A  yellow  fleshy  ring  on  the  inner  wall  of  the 


Fia.  76.—AlehemiUa  vulgarU,  L. 

1. — Flower  with  perfect  stamens  and  short  style,  fh>m  above. 

2. — Ditto,  viewea  obliquely,  from  above. 

3.— Ditto,  with  three  perfect  and  one  abortive  stamen,  and  perfect  style. 

4.— Ditto,  with  style  still  more  developed,  and  all  the  stamens  abortive. 

a,  epicalyx ;  b,  calyx  ;  e,  stamen ;  c\  abortive  stamen  ;  d,  stigma ;  e,  nectary. 

receptacular  tube,  which  surrounds  the  style  and,  later  on,  the 
ovary,  secretes  a  thin  layer  of  honey  and  gives  a  greenish-yellow 
appearance,  at  a  little  distance,  to  the  whole  inflorescence.     Owing 
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to  the  small  supply  of  honey,  msects  with  long  proboscides  do  not 
visit  the  flower  or  do  so  sparingly,  and  beetles  and  other  insects 
which  are  only  attracted  by  bright  colours  are  also  absent. 
Cross-fertilisation  is  favoured  by  partial  separation  of  the  sexes. 
Flowers  seldom  occur  in  which  both  male  and  female  organs  are 
equally  developed.  In  the  great  majority  of  flowers  either  the 
stamens  are  fully  developed  and  the  pistil  remains  so  short  as 
scarcely  to  project  above  the  honey-secreting  ring  (Fig.  76,  I,  2), 
or  the  style  is  long  and  exserted  (Fig.  76,  4),  and  the  anthers 
completely  aborted :  sometimes,  however,  flowers  occur  (Fig.  76, 
3)  in  which  one  or  two  stamens  are  developed  in  addition  to  the 
pistil,  the  others  being  suppressed. 

I  have  never  observed  a  case  of  self-fertilisation. 

At  Lippstadt  I  have  found  Alchemilla  vulgaris,  L.,  visited  by 
one  of  the.  Syrphidse,  Xanthogramma  dtrofasdata,  Deg. ;  on  the 
Alps  by  three  butterflies  and  six  flies  {Alpenbl.  pp.  223,  224). 

Alchemilla  alpina,  L.,  A,  Jissa,  Gtinth.,  and  A,  pentaphylla,  L., 
are  frequented  by  short-lipped  insects,  and  do  not  differ  materially 
in  their  arrangements  for  fertilisation  from  A.  vulgaris.  They 
show  all  transition-stages  between  hermaphrodite  and  purely  female 
flowers ;  and  in  A,  Jissa,  at  least,  among  very  many  flowers 
bearing  seed  I  found  none  with  more  than  one  stamen,  so  that 
flowers  with  more  than  one  stamen  seem  to  have  lost  their  female 
functions  (609). 

145.  Agbimonia  Eupatoria,  L. — The  two  styles,  which  project 

from  the  centre  of  the  flower,  are  united  at  their  base  to  a  fleshy 
ring,  on  which  I  have  not  observed  honey.  The  five  to  seven 
stamens,  which  are  inserted  at  the  edge  of  this  disk,  bend  slightly 
inwards ;  their  anthers,  which  dehisce  laterally,  stand  on  a  level 
with  the  stigmas,  and  cpme  in  contact  with  them  before  withering 
by  bending  still  farther  inwards.  Insect-visits  are  scanty,  and 
must,  in  many  cases,  induce  mainly  self-fertilisation,  for  cross- 
fertilisation  only  results  when  the  insects  alight  well  in  the  centre 
of  the  flower.  Since  all  the  flowers  are  found  to  produce  seed, 
self-fertilisation  is  doubtless  quite  eflBcient. 

Eug.  Warming  gives  a  thorough  description  of  the  development 
of  the  flower  (762). 

Visitors  :  A.  Diptera— (a)  Syrphida :  (1)  Syritta  pipiens,  L. ;  (2)  Ascia 
podagrica,  F.  ;  (3)  Melithreptus  scriptus,  L.  ;  (4)  M.  dispar,  Loew.  ;  (5)  M. 
pictus,  Mgn.  ;  (6)  M.  taeniatus,  Mgn.  ;  (7)  Melanostonia  mellina,  L.  ;  (8) 
Eristalis  tenax,  L.,  all  f.p.  only  ;  (9)  Rhingia  rofitrata,  L.,  do.  ;  (b)  Muscidas : 


calyx,  ID  its  lowest '  part,  surrounds  the  ovary  ;  its  middle  portion. 
constituting  a  fleshy  ring  around  the  base  of  the  style,  secretes 
honey ;  and  its  uppermost  part  spreads  out  into  four  dark  purple 
sepaline  lobea.  Anthers  (a)  and  stigmas  (sf)  are  developed  simul- 
taneously. The  divided  stigma  resembleB  that  of  an  anemophilous 
flower,  and  is  doubtless  a  character  inherited  from  an  aaemophilous 
ancestor  resembling  Poteriiim  (6og). 


Tribe  Rosea. 

1+8.  BosA  CANINA.  L. — The  upper  border  of  the  calys-tube, 

internal  to  the  attachment  of  the  stamens,  is  provided  with  a  thick 

fleshy  ring,  which  closely  surrounds  the  styles,  letting  the  stigmas 

only  protrude.     The  flowers  seem  either  to  secrete  no  honey  at  all, 

'  The  loweit  »oJ  middle  pari  really  Iwlong  to  the  receptaculBr  tube. 
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or  only  a  thin  adherent  layer  of  it;  at  least,  I  have  never  found  drops 
of  honey,  in  spite  of  repeated  searching.  The  flowers,  which  attract 
notice  by  their  large  petals  and  their  strong  scent,  compensate  the 
numerous  insect-visitors  for  the  want  of  honey  by  the  abundance  of 
pollen  which  the  numerous  stamens  supply.  The  ring  surrounding 
the  style  is  of  material  importance ;  for  since  the  stamens,  when  the 
flower  opens,  are  inclined  outwards  and  the  petals  remain  directed 
more  or  less  upwards,  the  ring  and  the  stigmas  within  it  form  the 
only  convenient  alighting-place  for  insects :  thus  insects  coming 
dusted  with  pollen  from  another  flower  are  brought  into  contact 
with  the  stigmas  first.  And  this  is  the  only  character  present  to 
promote  cross-fertilisation,  for  stigmas  and  anthers  come  to  maturity 
together. 

In  long-continued  dull  or  rainy  weather,  insect-visits  may  cease 
almost  completely ;  but  the  flowers,  turning  towards  the  sun,  all 
stand  more  or  less  obliquely,  so  that  part  of  the  pollen  falls  upon 
the  stigmas. 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  9  >  c.p. ;  (3)  An- 
drena  albicans,  K.  J  ^J ,  c.p.  and  f.p. ;  (3)  A.  fucata,  Sm.  ? ,  c.p.  ;  (4)  Halictus 
nitidus,  Schenck,  9 ,  c.p. ;  (5)  Megachile  circumcincta,  K.  ? ,  c.p.  ;  (6)  Prosopis 
communis,  Nyl.  ?  ^J ,  f.p.,  ab.  B.  Diptera — Syrphidce  :  (7)  Helophilus  floreus, 
L. ;  (8)  Syritta  pipiens,  L.,  ab.,  both  £p.  C.  Coleoptera — (a)  Nitidulidce :  (9) 
Meligethes,  ab.  ;  (b)  Dermestidce :  (10)  Anthrenus  pimpinellae,  F.  ;  (11)  A 
scrophularisD,  L.,  both  ab.,  f.p.  ;  (r)  Malacodermata :  (12)  Anthocomus 
fasciatus,  L.  ;  (rf)  Lamellicomia :  (13)  Cetonia  aurata,  L.  ;  (14)  Phyllopertha 
horticola,  L.  (both  often  bite  large  holes  in  the  petals,  and  often  even  devour 
the  stigmas  and  all  the  anthers) ;  (e)  MordellidcB  :  (15)  Mordella  aculeata,  L. ; 
(16)  Anaspis  frontalis,  L.  ;  (/)  Cerambi/cidce :  (17)  Rhagium  inquisitor,  F.  ; 
(18)  Strangalia  armata,  Hbst.  ;  (19)  S.  nigra,  L.,  devouring  the  anthers  and 
other  delicate  tissues ;  (g)  Chrysomelidai :  (20)  Luperus  flavipes. 

149.  Rosa  centifolia,  L. — In  consequence  of  its  more  con- 
spicuous flowers,  this  species  is  still  more  largely  visited  by  insects ; 
for  though  I  have  observed  it  more  rarely  than  JR,  canina,  I  have  a 
longer  list  of  its  insect-visitors. 

A.  Hymenoptera — (a)  Apidce:  (1)  Andrena  albicans,  K.  ?  (J,  c.p.  and  f.p., 
very  ab. ;  (2)  A.  pilipes,  F.  •?  (J,  do.,  scarcer;  (3)  A.  dorsata,  K.  $,  c.p., 
ab.  ;  (4)  Halictus  zonulus,  Sm.  ?  ;  (5)  H.  sexstrigatus,  Schenck,  9  ;  (6)  H. 
sexnotatufl,  K.  ? ,  all  three  c.p. ;  (7)  Megachile  circumcincta,  K.  ?  ;  (8)  M. 
centuncularis,  L.  9 ,  both  c.p.,  ab.  ;  (9)  Prosopis  propinqua,  Nyl.  ?  ^ ;  (10) 
P.  communis,  Nyl.  9  (J,  both  very  ab.,  f p.  ;  (b)  Chrysidce :  (12)  Chrysis  ignita, 
L.  ;  03)  Clir.  cyanea,  L.  ;  (c)  Sphegidce :  (14)  Crabro  patellatus,  v.  d.  L.  B. 
Diptera — Syrphidce :  (16)  Brachypalpus  valgus,  Pz.  ;  (16)  Eristalifl  eeneus, 
Scop. ;  (17)  E.  nomorum,  L. ;  (18)   Chrysogaster  viduata,   L.  ;  (19)   Syritta 
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pipiens,  L.,  all  f.p.  C.  Coleoptera — (a)  Nitidulidce :  (20)  Meligethes,  ab.  ; 
b)  DermestidfB :  (21)  Anthrenus  pimpinellee,  F. ;  (22)  A.  scrophularise,  L. 
ab.  ;  (23)  A.  claidger,  Er.,  scarce  ;  (c)  Malacodemiata  :  (24)  Dasytes  sp.,  scarce  ; 
(25)  Asthocomus  fasciatus,  L.,  ab.  ;  (d)  Lamellicomia :  (26)  Cetonia  anrata, 
L. ;  (27)  Phyllopertha  horticola,  L. ;  (28)  Melolontha  vulgaris,  L.,  all  three 
devouring  the  soft  tissues  indiscriminately  ;  (e)  Mordellidce :  (29)  Mordella 
aculeata,  L. ;  (30)  Anaspis  ruficollis,  F.  ;  (/)  Cistelidce :  (31)  Cistela  murina, 
L.  ;  (g)  Ceramhydda :  (32)  Strangalia  atra,  F. ;  (33)  S.  attenuata,  L.  ;  (34) 
Grammoptera  puficomis,  F.,  very  freq.  ;  (35)  Clytus  arietis,  L.,  all  feeding 
on  the  soft  tissues,  especially  the  anthers. 

These  last  two  lists  not  only  afford  a  new  example  of  how 
increasing  conspicuousness  leads  to  more  numerous  insect-visits; 
but  they  also  disprove  Delpino's  theory,  that  the  proper  fertilisers 
of  Roses  are  Cetonice^  and  Glaphyridce  and  that  therefore  the 
geographical  distribution  of  Roses  is  limited  by  the  range  of  these 
beetles.^ 

Bom  ncbiginosa,  L.,  produces  an  obvious  secretion  of  honey 
(S90,  II.). 

Tribe  FomecB, 

150.  Pyrus  Malus,  L. — The  five  stigmas  overtop  the  stamens 
and  ripen  before  them.  The  conspicuous  flowers  and  easily 
accessible  honey  attract  many  insects,  and  cross-fertilisation  is 
insured  by  the  proterogynous  condition,  and  also  by  the  prominent 
position  of  the  stigmas.  In  the  absence  of  insects,  self-fertilisation 
results  ;  for  most  flowers  are  directed  sideways,  towards  the  light,  so 
that  pollen  can  fall  of  itself  upon  the  stigmas.  Here  and  there 
flowers  occur  in  which  the  stigmas  are  in  immediate  contact  with 
the  anthers. 

Visitors  :  A  Hymenoptera — (a)  Apidai:  (1)  Bombus  terrestris,  L.  9  ;  (2) 
B.  agrorum,  F.  ?  ;  (3)  B.  lapidarius,  L.  ?  ;  (4)  B.  hortorum,  L.  ? ,  all  four 
very  ab.  ;  (5)  Apis  mellifica,  L.  9  »  (6)  Anthophora  pilipes,  F.  $  ;  (7)  An- 
drena  albicans,  K.  (^  $ ,  all  seven  s.  and  c.p.  ;  (8)  Halictus  sexnotatus,  K.  $ ,  s.  ; 
(9)  Osmia  rufa,  L.  <J,  s.  (the  bees  almost  always  alight  in  the  middle  of  the 
flowers,  and  so  usually  perform  cross-fertilisation  even  in  older  flowers,  since 
the  stigmas  are  the  first  to  touch  the  pollen-covered  belly  of  the  insect),  {b) 
FormicidcB:  (10)  various  species,  ab.,  s.  B.  Diptera — (a)  BombyliidcB :  (II) 
Bombylius  major,  L.,  s.  ;  (b)  Empidce  :  (12)  Empis  livida,  L.,  s. ;  (c)  Syrphid<E  : 
(13)  Rhingia  rostrata,  L.,  very  freq.,  usually  s.  but  also  f.p. ;  (14)  Syrphus 
P3rra8tri,  L.,  s.  and  f.p.  ;  (d)  Muscidce :  (15)  Onesia  floralis,  R.  D.,  s. ;  (e) 
Bibionida :  (16)  Dilophus  vulgaris,  Mgn.,  very  ab.,  s. 

^  Alcuni  App.  p.  18,  **  Le  peonie  e  U  rose  debbono  arrestarsi  dove  si'arrestano 
le  CetonU:* 
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151.  Pyrus  communis,  L. — The  stamens  axe  here  longer  than 
the  styles,  but  when  the  flower  opens  they  are  curled  inwards  and 
immature,  whUe  the  stigmas  are  ripe  and  project.  Cross-fertilisa- 
tion is  insured  only  if  insects  come  soon  after  the  opening  of  the 
flower.  In  absence  of  insects,  self-fertilisation  takes  place  as  in 
Pyrus  Malus.  I  have  often  observed  by  experiment  how  easily 
pollen  from  a  ripe  stamen  adheres  to  the  stigmas  of  a  flower,  long 
before  its  own  anthers  are  ripe. 

Visitors  :  A,  Diptera — (a)  Syrphidce  :  (1)  Eristalis  tenax,  L.,  very  ab.  ;  (2) 
E.  arbustorum,  L. ;  (3)  E.  nemorum,  L.,  ab.  ;  (4)  K  intricarius,  L.  ;  (5) 
Syritta  pipiens,  L. ;  (6)  Ascia  podagrica,  F.,  both  ab. ;  (7)  Melanostoma  mellina, 
L.,  all  the  S3rrpliicl8e  both  s.  and  f.p.  ;  (b)  Muscidas :  (8)  Anthomyia  radicum, 
R.  D.  (J  ?,  very  ab.  ;  (9)  Pollenia  Vegpillo,  F. ;  (10)  P.  rudis,  F.  ;  (11)  Musca 
corvina,  F. ;  (12)  M.  domestica,  L.  ;  (13)  Lucilia  comicina,  F.  ;  (14)  Calliphora 
erythrocephala,  Mgn.  ;  (15)  Sepsis  sp.,  all  s.  ;  (16)  Scatophaga  merdaria,  F., 
8.  and  f.p.  B.  Hymenoptera — (a)  Apidoi :  (17)  Apis  mellifica,  L.  9>  v^^y 
ab.,  8.  and  c.p.  ;  (18)  Bombus  terrestris,  L.  ? ,  s.,  scarce,  and  flying  away  after 
visiting  a  few  flowers  ;  (19)  Andrena  albicans,  K.  J  ^J,  c.p.  and  s.,  ab.  ;  (20) 
A.  Gwynana,  K.  ?  ;  (21)  A.  parvula,  K.  ?  ;  (22)  A.  Collinsonana,  K.  ?,  all 
both  s.  and  c.p.  ;  (23)  Halictus  rubiciindus,  Chr.  ? ,  c.p.  and  s.  ;  {b)  FormicidcB : 
(24)  Lasius  niger,  L.  0 ,  l.h.  ;  (r)  'Tenthredimdce :  (25)  Dolerus  gonager,  KL, 
scarce  ;  (26)  Nematns  caprseae,  L.,  freq.,  s.  C.  Colcoptera — (a)  Nitidulidce : 
(27)  Meligethes,  ab.  ;  (6)  Curcvlionidce :  (28)  Rhynchites  oequatus,  L. ;  (c) 
Coccinellid<t :  (29)  Coccinella  14-punctata,  L.  ;  (d)  Phalacridce :  (30)  Olibrus 
aeneus,  F.,  all  four  licking  honey.     D.  Thysanoptera— (31)  Thrips,  ab. 

152.  Pyrus  Aucuparia,  Gsert. — When  the  flower  opens,  the 
stamens  are  still  immature,  the  outer  ones  standing  erect,  the  inner 
ones  bent  inwards  so  that  their  anthers  are  placed  below  the 
stigmas.  The  stigmas  are  ripe,  and  project  in  the  centre  of  the 
flower.  The  anthers,  which  open  inwards,  cover  themselves  all 
round  with  pollen.  In  cold,  dull  weather,  the  innermost  anthers 
remain  bent  down  below  the  stigmas  even  after  dehiscence ;  the 
outer  ones  stand  above  the  stigmas,  incurved  towards  them ;  thus, 
in  absence  of  insects,  self-fertilisation  takes  place  readily.  On  the 
other  hand,  in  warm  sunshine,  the  stamens  are  inclined  away  from 
the  stigmas,  and  the  honey-secreting  ring  is  visible  between, 
protected  with  hairs  issuing  from  the  base  of  the  style.  Insects,  in 
dipping  down  to  the  honey,  touch  stamens  and  stigmas  with 
opposite  sides  of  their  heads.  The  small  flowers  are  rendered 
conspicuous  by  aggregation,  and  the  rich  supply  of  honey  attracts 
very  numerous  insects. 

Visitors  :  A.  Hymenoptera — (a)  Apidm ;  (1)  Apis  mellifica,  L.    9,8.  and 
cp.,  very  ab.  ;    (2)  Andrena  albicrus,  K.  ?  ,J ;  (3)  A.  albicans,  K.    ?,  very 


240  THE  FERTILISATION  OF  FLOWERS.        [pabt  in. 

ab. ;  (4)  A.  dorsata,  K.  $  (^ ,  all  three  sucking  and  collecting  pollen  ;  (5)  A. 
Smithella,  K.  ? ,  c.p.  ;  (6)  A.  atriceps,  K.  ?  ;  (7)  A.  convexiuacula,  K.  ?  ; 
(8)  Halictus  rubicundus,  Cbr.  ?  ;  (9)  H.  zonulus,  Sm.  ? ,  all  sucking  and 
collecting  pollen  ;  (10)  Nomada  ruficomis,  L.  9(J;  (11)  N.  signata,  Jur.  ?, 
both  sucking  ;  (b)  Formicida :  (12)  Formica  congerens,  N.  9  ;  (13)  Lasius 
niger,  L.  §  ;  (14)  Myrmica  sp.,  § ,  all  three  s.,  ab.  B.  Diptera — (o)  Empidce  : 
(15)  Empis  livida,  L.  ;  (16)  E.  rustica,  Fallen,  both  s.,  ab.  ;  (6)  Syrphida  : 
(17)  Helophilus  floreus,  L.  ;  (18)  Eristalis  arbustorum,  L.  ;  (19)  E.  nemorom, 
L. ;  (20)  E.  horticola,  Mgn. ;  (21)  Rhingia  rostrata,  L.,  all  five  s.  and  Ip.,  ab.  ; 
(c)  I£u8cida:  (22)  Echinomyia  fera,  L.  ;  (23)  Onesia  fioraliR,  R  D.  ;  (24) 
Scatophaga  stercoraiia,  L.  ;  (25)  S.  merdaria,  F.,  the  last  three  ab.,  s.  ;  (26) 
Sepsis,  ab.  ;  (d)  Conopidai :  (27)  Myopa  testacea,  L.  ;  (e)  MbionidiE :  (28) 
Dilophus  vulgaris,  F.,  ab.,  s., — besides  several  undetermined  flies  and  midges. 
C.  Coleoptera— (a)  Nitidulidce :  (29)  Epuraea ;  (30)  Meligethes,  both  in 
hundreds ;  (b)  Dermestidce :  (31)  Bjrturus,  in  hundreds ;  (32)  Attagenus 
pellio,  scarce  ;  (c)  Elateridce :  (33)  Agriotes  aterrimus,  L.  ;  (34)  Dolopius 
marginatus,  L.  ;  (35)  Corymbites  holosericeus,  L.  ;  (36)  Limonius  cylindricus, 
Pk.  ;  (37)  L.  parvulus,  Pz.  ;  {d)  Lamellicomia :  (38)  Cetonia  aurata,  L.  ; 
(39)  Melolontha  vulgaris,  L.,  both  devouring  all  the  tissues  of  the  flower  ;  (e) 
Malacodermata  :  (40)  Malachius  oeneus,  F.,  l.h.,  and  devouring  the  anthers  ; 
(/)  Mcrdellidce :  (41)  Anaspis  rufilabris,  Gylh.  ;  {q)  Tenebrionidcc:  (42) 
Microzoum  tibiale,  F.  I — only  once  ;  {h)  CurculionidtE  :  (43)  Apion  sp.  ;  (44) 
Phyllobius  maculicomis,  Germ.,  both  s.  ;  (i)  Cerambycidce :  (45)  Clytus 
arietis,  L.,  s.  ;  (k)  Chrysomelidce  :  (46)  Adimonia  sanguinea,  F.,  s. 

153.  Crat^gus  Oxyacantha,  L. — The  flowers  resemble  those 
of  Pyrus  Aucuparia  in  regard  to  their  proterogyny,  the  maimer  of 
dehiscence  and  the  bending  inwards  .of  their  stamens,  and  hence 
also  in  the  great  likelihood  of  cross-fertilisation.  The  outer  stamens 
begin  to  dehisce  one  or  two  days  after  the  opening  of  the  flower. 
Dung-flies  and  flesh-flies  are  attracted  in  special  abundance  by 
the  odour  of  the  flowers.  In  absence  of  insects,  'many  flowers 
fertilise  themselves.  The  young  shoots  sometimes  exude  a  sweet 
sap,  which  is  sought  by  insects.  On  May  9,  1868,  on  bushes  that 
were  just  beginning  to  flower,  I  saw  ATithophora  pilipes,  F.  i , 
Bombus  terrestris.Jj,  ?,  an  Andrena,  and  Odynerus  parietnvi,  L.  ?, 
all  feeding  on  this  sap. 

Visitors :  A.  Diptera — (a)  Empida: :  (1)  Tachydromia  connexa,  Mgn.,  ab.  ; 
(2)  Empis  livida,  L.,  s.,  very  ab. ;  (3)  Microphorus  velutinus,  Macq.  (identified  by 
Herr  Winnertz) ;  (6)  Syrphidce :  (4)  Pipiza  notata,  Mgn. ;  (5)  Rhingia  rostrata, 
L.,  s.,  very  ab.  ;  (6)  Eristalis  tenax,  L.  ;  (7)  E.  intricarius,  L.  ;  (8)  E.  nemorum, 
L. ;  (9)  E.  ar])U8torum,  L.  ;  (10)  E.  sepulcralis,  L. ;  (11)  E.  pertinax.  Scop., 
— all  the  species  of  Eristalis  a  and  f.p.  ;  all  except  E,  intricarius  very  ab.  ;  (12) 
Helophilus  floreus,  L.  ;  (13)  H.  pendulus,  L.,  both  ab.  (14)  Xylota  aegnis,  L.  ; 
(c)  Muscida:  (15)  Echinomyia  fera,  L.  ;  (16)  Sarcophaga  camaria,  L.,  s.  ; 
(17)  Onesia  floralis,  R.  D.,  s.  ;  (18)  O.  sepulcralis,  Mgn.,  s.  ;  (19)  Graphomyia 
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maculata,  Scop. ;  (^0)  Hesembrina  meridiana,  L.  ;  (21)  Cyrloneura  sp.  ;  (22) 
AricU  Berva,  MgD.  ;  (d)  Bibionida :  (23)  Bibio  Marci,  L.,  a.  ;  (24)  Dilophut 
Tnlgaria,  L.,  very  ab.  B.  Coleoptera— (a)  Dermettirla :  (25j  Attagenua  pellio, 
L.,  th,  ;  (26)  Anthrenns  Bcrophulariie,  L.,  very  ab.  ;  (27)  A  pinipinellte.  F., 
•till  more  ab.  ;  (28)  A.  claviger,  Er,,  scarce,  all  three  l.h.  ;  {b)  Niiiiialula  .- 
(29)  Meligethes,  l.k,  very  ab.  ;  (c)  Uupratiria :  (30)  Anthaxia  nitidula,  L.  ; 
(d)  iialacodenaala  :  (31)  Malachiiu  (elegana,  01.  I;,  feeding  un  the  anthers  ; 
(38)  TelephoruH  testaceus,  L.  ;  (e)  (Edemeridix :  (33)  Asclera  cicruIeB,  L.  ( 
(/)  Mordellida  :  (34)  Anaspis  frontalis,  L.,  l.h.  ;  (35)  Moi'della  abdominalig, 
F.,  Lh.  ;  (s)  Oerambgcidii: :  (38)  Clytus  mysticus,  L.,  l.h.  ;  (37)  Grammoptera 
m&comia,  F.,  ab.,  Lh.  ;  (A)  Chryeomdida :  (38)  Clythra  cyaiiea,  F.,  gnawing 
the  petals.  C.  Hymenoptern — Apida ;  (39)  Andrena  Schrankella,  Nyl.  (J ,  s.  ; 
(40)  A.  helvola,  L.  9,  s. ;  (41)  A.  fulvicrus,  K.  $  (J,  s.  ;  (42)  A.  nitida.  K. 
$  ^,  very  freq.,  s.  and  c.p,  ;  (43)  A.  varians,  Rossi,  $  ;  (44)  A.  Trimmerana, 
K.  ?  J  i  (45)  A.  atriceps,  K.  J  ^  ;  (48)  A.  Gwynana,  K.  ?  ;  (47)  A.  fulva,  K.  $  ; 
<48)  A.  albicans,  K.  ?  ^,  very  ab.  ;  (49)  A.  dorsata,  K.  j  ;  (50)  A.  chryso- 
Bceles,  K.  S  ;  (51)  A  parvula,  F,  J ;  (52)  A.  connectflns,  K.  ? ,  the  last  ten 
both  B.  and  c.p.  ;  (53)  Halictua  cylindricus,  K.  9,8.;  (54)  Nomada  rulicomis, 
L.  J  (J,  B.  ;  (55)  N.  sijjhata,  Jur.  J  ;  (Sfi)  Kiicera  longicorniB,  L.  iJ,  s.  ;  (57) 
Apis  melHficB,  L,  ^ ,  s.  and  c.p.,  ab. 

15*.  CoTONEASTER  VULGARIS,  Lint]].— This  plant  in  the  Alps 
often  grows  on  tlie  same  rocks  to  whicli  a  wasp  (Polistes  gallicc^ 


has  attached  its  Rialked,  open  nest.  The  hemispherical  calyx  of 
the  flower  is  filled  with  honey,  which  the  petals  arch  over  and  pro- 
tect, excluding  a  great  many  insects.  I  have  found  the  flowers 
visited  solely  by  the  above-mentioned  wasp,  whose  head  just  fits 
into  the  flower.  Cross-fertilisation  is  insured  by  proterogyny ;  in 
obsencc  of  insects,  self-fertilisation  occurs  (609). 


242  THE  FERTILISATION  OF  FLOWERS.         [paet  hi. 

Anulaiichier  vulgaris,  Moench.  {Aronia  rotundifolia,  Pers.). — 
This  plant  is  imperfectly  proterandrous.  Of  the  three  whorls  of 
stamens,  the  outermost  dehisce,  while  the  others  are  still  bent  in- 
wards and  shelter  the  immature  stigmas.  The  inner  anthers  and 
the  stigmas  are  ripe  together  (609). 


REVIEW  OF  THE  ROSACEA. 

In  all  honey-yielding  Rosacese  the  honey  is  secreted  and 
carried  by  an  annular  region  {dislc)  of  the  inner  wall  of  the  re- 
ceptacular  tube,  sometimes  closely  surrounding  the  pistil,  some- 
times shifted  farther  outwards  :  this  ridge  shows  all  transitions 
between  abundant  and  evident  drops  of  honey,  a  thin  sweet 
layer  invisible  to  us  but  eagerly  licked  by  insects,  and,  lastly, 
absolute  barrenness. 

The  abundance  of  insect-visits  depends  here,  as  elsewhere,  on 
the  conspicuousness  of  the  flowers  and  the  amount  of  spoil  they 
furnish ;  and,  similarly,  the  variety  of  insects  which  frequent  the 
flowers  depends  on  the  accessibility  of  the  spoil.  For  instance, 
the  small,  yellow,  honeyless  flowers  of  Agrimonia  Uupatoria  are 
sparingly  visited  by  a  few  pollen-feeding  Syrphidce  and  pollen- 
collecting  bees ;  while  the  equally  honeyless  roses  attract  a  very 
numerous  company  of  insects,  which  come  for  the  sake  of  the 
pollen  and  the  delicate  tissues  of  the  flower.  The  eflfecta  of 
conspicuousness  are  well  illustrated  by  the  Raspberry  and  the 
Blackberry.  The  efiect  of  diminished  accessibility  of  the  honey 
in  restricting  the  variety  of  insect-visitors  is  shown  in  the  case 
of  Geitm  rivale;  the  flowers  of  which  remain  half-closed,  and, 
though  yielding  abundant  honey,  are  only  visited  by  specially 
long-tongued  bees  and  flies  [Bombtts  and  Rhivgia) :  the  Rasp- 
berry and  Blackberry  may  be  contrasted  to  illustrate  this  point 
also. 

In  Rosacese  whose  honey  lies  concealed  and  which  are  fertilised 
by  a  motley  crowd  of  short-lipped  insects,  the  flowers  are  for  the 
most  part  greenish-yellow,  yellow,  or  white  in  colour ;  in  Comarum 
paltLstre,  Potentilla  atrosanguinea,  and  Sanguisorha  officinalis  they  are 
dark -red  or  purple,  probably  owing  to  the  influence  of  carrion- 
feeding  flies. 

In  RosacesB  whose  honey  lies  more  deeply  placed,  which  are 
mainly  fertilised  by  long-tongued  bees,  we  find  in  part  red  colours 
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{Amygdalus  Fersica,  Cydonia  japonica).  In  this  relation  the 
genus  Oeurn  is  interesting ;  for  that  species  which  is  fertilised  by 
bees  (G.  rivale)  exhibits  a  red  colour  in  which  the  influence  of  the 
primitive  yellow  is  still  evident. 

Rosacese  visited  for  the  sake  of  their  pollen  have  white  flowers 
when  their  chief  visitors  are  small,  short-lipped  insects  {Spircea 
Ulmaria,  S.  Aruncics) ;  but  show  a  tendency  to  red  when  frequented 
mainly  by  bees  or  Syrphidce  (Rosa).  In  the  whole  order  of  RosacesB 
no  species  seems  to  have  acquired  a  violet  or  blue  flower,  nor  to  have 
become  adapted  exclusively  for  fertilisation  by  Lepidoptera. 


Ord.  SAXIFRAGACEjE, 

Tribe  Saxi/rageoe, 

Dr.  A.  Engler^  has  investigated  thirty-eight  species  of  Saxifraga 
and  found  them  to  be  all  proterandrous  with  movement  of  the 
stamens  singly  in  succession  towards  the  middle  of  the  flower. 
On  the  other  hand,  he  found  Bergenia  {Saxifraga  crassifolia^  L.), 
Mitella,  L.,  Heuchera^  L.,  and  Brummoiidia,  DC.  (=  Mitella  pent- 
andra,  Hook.)  to  be  proterogynous  without  movement  of  the 
stamens  (221).  On  species  of  Saxifraga  flowering  in  the  open  air 
he  observed  beetles  {Haliica,  sm^ll  Staphylineai),  flies,  and  especially 
bees.  He  doubts  SprengeFs  interpretation  of  the  so-called  honey- 
guides  (Saftmal),  for  though  present  in  some  Saxifrages  they 
are  absent  in  others.  In  plants  whose  honey  varies  between 
fully  exposed  and  hidden  situations,  such  a  fluctuation  of  the 
guiding  marks  is  very  natural,  and  rather  strengthens  Sprengel's 
theory. 

In  my  Alpenhlumen  I  have  tried  to  prove  that  those  species  of 
Saxifraga  which  have  dotted  petals  show  all  transitions  from  mere 
adornment  by  which  insects  are  attracted  to  ornamentation  which 
serves  also  as  a  **  pathfinder.*' 

The  proterandrous  flowers  of  S,  aizo'ides,  L.,  and  S.  oppositifolia, 
L.,  are  figured  by  Axell  (17). 

Saxifraga  sanncnfosa,  L.  fil.,  has  asymmetrical  flowers  (Todd, 
722}. 

Of  the  numerous  Alpine  species  of  Saxifraga,  I  have  examined 
and  figured  thirteen.  All  show,  more  or  less  distinctly,  the 
peculiarity  that  the  anthers  ripen  one  after  another ;  at  the  same 

^   ^'Monograpliie  der  Gattang  Saxifraga^"  p.  26.     Breslau,  1872. 
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time  they  beud  in  towanls  tlie  ceutre  of  tlie  flower,  but  after 
debiscing  they  again  move  outwards.  This  peculiarity  was  known 
to  Tresiranus,  but  was  explained  by  Iiim  as  aiding  self- fertilisation 
(742).  On  the  contrary  it  aids  cross-iertiJisation,  by  causing  the 
insect- visitors  to  come  in  contact  with  the  pollen-dusted  anthers. 

In  most  of  the  species  of  Saxifraga  which  I  have  investigated 
{S.  Totundifolia,  L.,  S.  sldlaris,  L.,  S.  aspera,  DC,  S.  bryoida, 
L.  =  S.  aspera,  var.  /9,  S.  aizmdfs,  L.,  S.  Aizoon,  Jacq.,  S.  ceeaia,  L., 


le  all  (tUl  iloHd.    (o'dgUwied 
-t,  (t  Uie  btgiRolna  of  the  — 


HintnDrelTiHrtvelled 


S.  eaxtrata,  Vili.,  S.  stmopetala.  Gaud.),  the  stigma  only  ri|>eDS  after 
the  anthers  have  withered.     Engler  thought  that  this  was  the  case  \ 
in  all  the  species,  tut  S.  oppositifolia,  L.,  and  also  S.  tridactylite$, 
L.,  a  lowland   species,  are  only   i'eebly  proterandrons  in  certain 
localities,  and  in  other.')  are  i'eebly  proterogynotis ;  and  three  species, 
S.  androaacea,  L.,  S.  niuscoidea,  Wulf.,  and  S.  Sr(fuieri,  Spr.,  I  have  I 
found  to  be  everywhere  distinctly  proterogynous,  only  the  first  of  tbe  I 
three  being  able  in  case  of  need  to  fertilise  itself. 

As  in  dioecious  entomophilous  plants   tlie   male   flowers   are  J 
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usually  larger  and  more  conspicuous  than  the  female,  so  in  the 
three  distinctly  proterogynous  species  of  Saxifraga,  the  flowers 
while  in  their  male  stage  are  more  than  twice  as  large  as  they  were 
at  first  while  in  their  female  stage.  As  Sprengel  supposed,  it  is 
probable  that  many  insects  are  thus  induced  to  visit  the  male 
flowers  first,  and  then,  having  dusted  themselves  with  pollen,  to 
proceed  to  the  female  flowers  and  fertilise  them.  The  annexed 
figure  may  serve  to  show  this  distinction  between  the  flowers  in 
their  male  and  female  stages. 

The  honey  is  quite  visible  in  the  above-named  species  of 
Saxifraga,  except  S,  ojypositifolia.  Very  various  short-lipped 
insects,  but  especially  flies,  serve  therefore  as  fertilising  agents. 
To  the  selective  influence  of  flies,  therefore,  the  development  of 
the  ordinitry  colours — white,  dull-yellow,  white  with  yellow  or  purple 
spots — must  be  mainly  ascribed.  In  particular,  the  prettily  dotted 
petals  of  S,  rotuvdifolia  and  S,  umhrosa,  L.,  seem  to  be  due  to  the 
influence  of  certain  elegant  and  prettily  coloured  Syrphidce  by  which 
they  are  especially  visited  and  cross-fertilised  (8.  rotvMdifolia  by 
Sphegina  clunipes  and  Peleccccra  sccevoides ;  S,  urnhrosa  by  Ascia 
podagrica). 

Saxifraga  aizaides,  L.,  with  its  large  golden  flowers  dotted  with 
orange,  is  the  most  conspicuous  form,  and  attracts  most  insect-visitors. 
I  have  found  it  to  be  visited  by  1 26  species  of  insects  (Coleoptera, 
8;  Diptera,  85;  Hymenoptera,  20;  Lepidoptera,  13).    (609.) 

The  honey  is  most  deeply  placed  in  S.  oppositifolia ;  the  flowers 
of  this  species  are  diligently  and  persistently  visited  by  butter- 
flies and  are  arrayed  in  carmine  or  purple,  the  favourite  colour 
of  most  of  these  insects.^ 

155.  CaRYSosPLENiUM  ALTERNIFOLIUM,  L. — The  flowers  have 
a  great  superficial  likeness  to  the  apical  flowers  of  Adoxa,  and 
are  visited  by  a  very  similar  set  of  tiny  insects. 

From  the  middle  of  the  flower  the  two  styles  stretch,  diverging 
and  bending  outwards  slightly,  capped  at  the  apex  by  the  smooth, 
capitate  stigmas,  and  surrounded  at  the  base  by  a  broad,  fleshy, 
yellowish  disk,  secreting  numerous  minute  drops  of  honey.  At 
the  edge  of  this  disk  the  calyx,  which  coalesces  below  with  the 
ovary,  expands  horizontally  into  four  broad  rounded  sepals,  bright 
yellow,  and  slightly  recurved.  There  is  no  trace  of  petals.  Be- 
tween each  pair  of  sepals,  and  also  facing  each  one,  there  stands  on 
the  edge  of  the  disk  a  stamen,  erect,  and  reaching  as  high  as  the 

^  609,  Figs.  26-38  ;  in  connection  with  S,  urnhrosa,  see  604. 
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styles.  First  the  four  outer  ones,  which  stand  opposite  the  sepals, 
ripen  one  after  the  other,  and  then  the  other  four.  All  the  stamens 
dehisce  on  both  sides,  and  flap  open  so  widely  that  they  are  covered 
almost  all  round  and  also  above  with  pollen.  The  stigmas  are 
susceptible  of  fertilisation  during  the  whole  time  of  flowering.  A 
number  of  such  flowers,  from  five  to  upwards  of  a  dozen,  are  closely 
packed  in  an  almost  level  cyme,  and,  together  with  the  broad  green 
bracts  that  lie  nearly  in  the  same  plane,  form  a  conspicuous  expanse 
with  a  golden-yellow  centre. 

Numerous  minute  insects  of  different  orders  are  attracted. 
Most  of  them  touch  a  stigma  with  one  part  of  their  body,  and  with 
another  one , or  more  of  the  anthers;  and  so  cross-fertilisation  is 
promoted.  But  self-fertilisation  is  not  unfrequently  induced  by  the 
tiny  guests  that  creep  irregularly  about  the  flower.  In  default  of 
insect-visits,  self-feitilisation  can  only  take  place  in  a  perpendicu- 
lar or  nearly  perpendicular  position  of  the  flowers ;  for  only  then 
can  pollen  fall  upon  the  stigmas.  On  April  13,  1872, 1  collected 
forty-six  insects  upon  flowers  growing  in  the  shade. 

A  Diptera— (a)  Musddcs:  (1)  Five  specimens  of  Sciomyza  cinerella, 
Fallen  ;  (6)  Simulidce :  (2)  Simulia  sp.,  three  specimens  ;  (c)  Cecidomyida : 
(3)  Six  specimens  ;  {d)  Mycetophilidce  :  (4)  Five  specimens  ;  («)  Chironomida  : 
(5)  Three  specimens,  besides  minute  species.  B.  Hymenoptera — (a)  Formi- 
cidcB :  (6)  Lasius  niger,  L.  9  >  eight  specimens ;  (7)  Myrmica  ruginodis, 
N.  9  (t)>  two  specimens  ;  (8)  M.  laevinodis,  N.  $ ,  three  specimens ;  {b) 
CynipidcR :  (9)  Eucoila,  Wostw.  (Cothouaspis,  Hart.),  one  specimen.  C.  Cole- 
optera — (a)  Phalacridce :  (10)  Olibrus  aeneus,  F.  one  specimen  ;  (6)  Lathridii  : 
(11)  Corticaria  gibbosa,  Hbst,  two  specimens;  (c)  CurcuUonida :  (12)  Apion 
varipes,  Germ.,  four  specimens  ;  (13)  A.  onopordi,  K.,  three  specimens  ;  all  the 
visitors  were  licking  honey. 

Also,  I  found  small  snails  (young  Succinece)  upon  many  flowers, 
either  creeping  about,  or  devouring  the  stigmas  or  anthers.  In  the 
slimy  matter  left  upon  the  flowers,  pollen-grains  could  as  a  rule  be 
recognised  :  in  several  cases  I  could  distinctly  see  that  pollen  was 
placed  upon  a  stigma  by  help  of  the  snails. 

Now  if,  under  some  changed  conditions,  insect-visits  altogether 
failed,  it  would  obviously  be  of  advantage  to  the  plant  to  have 
cross- fertilisation  promoted  by  the  snails,  at  least  on  the  supposition 
that  by  new  modifications  the  ravages  of  the  snails  should  be 
obviated.  This  example  may  explain  the  origin  of  such  a  floral 
arrangement  as  Delpino  observed  in  Alocasia  odora  and  Rhodea 
japonica.  And  so  the  doubt  which  I  formerly  published  concemincr 
the  truth  of  Delpino's  theory  is  now  removed. 
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Ckryaosphnium  opposUifolium,  L.,  is  protert^nous  with  per- 
sisteDt  stigmas  (78). 

156.  Bergenia  (Saxifraqa)  cbassifolia,  L. — I  saw  (April  4, 
1868)  hive-beea  and  Bomhus  kortorum,  L.  ?,  greedily  sucking 
hoDey  on  this  plant,  and  found  pollen  on  the  stigmas  of  several 
flowers  whose  antheiB  were  not  yet  open. 

157,  Parnassia  PALtiSTRis,  L. — Sprengel  described  very  fully 
the  stracture  of  this  plant,  but  remained  in  doubt  not  only  as  to 


)d  with  pollen,  upon  the  plxtil. 
— — till  orgir.a  of  u  flows  r  U 
iiiliii>i1e»  more  mignlflFd. 


I.  Tin  flower  h»i1  Jnil 
uciitjD  ui  LiiB  piBtll.  whoM  ■tlgmaa 
lit  will  covsr  lU  upper  eurAn  willl 

ihcd  IhelT  pollen;  the  llfUillai, 

loi°''(A-C.  "  H) 


its  fertilisers,  but  even  whether  it  was  diurnal  or  nocturnal. 
Hildebrand  has  observed  Hdophilus  floreiis,  L.,  upon  its  flowers. 

The  anthers  before  maturity  lie  close  upon  the  conical  ovary, 
which  rises  up  in  the  middle  of  the  flower  and  overtops  them; 
they  ripen  slowly  one  after  the  other,  each  in  turn  elongating  till 
it  brings  its  anther  immediately  over  the  end  of  the  pistil,  and 
then  dehiscing  on  the  upper  surface.  It  afterwards  bends  outwards 
and  is  succeeded  by  another,  and  Anally,  when  all  the  anthers  have 
dehisced  and  moved  away,  the  stigma  becomes  developed. 

The  curious  nectaries  stand  immediately  opposite  to  the  petals, 
alternating  with  t)ie  stamens.  Each  consists  of  a  short,  brood 
peduncle,  broadening  above   into    a  fleshy  disk,  which    secretes 
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honey  in  two  shallow  depressions  on  its  inner  side,  leaving  it 
fully  exposed.  Above  it  gives  oflf  seven  to  eighteen  yellow,  knobbed, 
glandular  bodies,  which  surround  the  upper  portion  of  the  ovary 
and  are  probably  of  service  in  making  the  nectaries  more  obvious 
to  flies  which  alight  in  the  middle  of  the  flower. 

These  yellow  knobs  placed  at  the  ends  of  the  hairs  look  so 
exceedingly  like  drops  of  fluid  that  it  needs  special  examination 
to  convince  one  that  they  are  perfectly  dry.  An  observation  of 
my  son  Hermann's  proves  that  even  flies  are  deceived  by  this 
appearance ;  he  observed  from  a  very  short  distance  a  specimen 
of  Eristalis  nemorum  trying  to  lick  these  bodies  for  a  long  time, 
until  at  last  it  flew  away  on  his  coming  closer. 

We   have    thus   in   Pamassia   palustris  a  very  well-marked 

example  of  a  deceptive  flower,  which  deludes  the  foolish  flies  by 

displaying  a  multitude  of  conspicuous  but  sham  drops  of  honey ; 

and  which,  after  thus  alluring  them,  affords  them  indeed  some 

easily  accessible  honey,   lyhich  repays  their  trouble  but  is  quite 

incommensurate    with    the    apparently  bountiful    display.      The 

smaller  flies  generally  travel  round  the  flower,  to  reach  all  the 

nectaries  ;  the  larger  ones  rest  in  the  middle  of  the  flower  for  this 

purpose,  and  so  dust  their  under  sides  with   pollen  in   younger 

flowers  and  accomplish  cross-fertilisation  on  passing  to  older  ones. 

Visitors :  A.  Diptera — (a)  Syrphidce ;  (1)  Eristalis  nemorum,  L.,  s.  ab.  ; 
(2)  E.  arbustorum,  L.,  s.  ab. ;  (3)  Helophilus  floreus,  L.,  s.  ab.  ;  (4)  Syrphus 
ribesii,  L.,  s.  ab.  ;  (5)  S.  balteatus,  Deg.,  very  ab.,  8.,r  sometimes  f.p. :  (6)  S. 
pyrastri,  L.  ab.  s. ;  (7)  S.  excisus,  Zett,  s. ;  (8)  Melanostoma  mellina,  L.,  s,  ; 
(9)  Melithreptus  scriptus,  L.,  a. ;  (10)  M.  menthastri,  L.,  s. ;  (11)  M.  taeniatiis, 
Mgn.,  8.  ;  (12)  Syritta  pipiens,  L.,  ab.  s.  ;  (6)  Muscidce :  (13)  Sarcophaga 
camaria,  L.,  s.  ;  (14)  PoUenia  vespillo,  F.,  s.  ;  (c)  Tipulidce :  (15)  Tipula 
oleracea,  L.  B.  Hymenoptera — (a)  Tenthredinidos :  (16)  Tenthredo  sp.,  s.  ; 
(6)  IchneumonidcB :  (17)  Many  small  species,  s.  ;  (c)  Sph^ida:  (18)  Pompilus 
viaticus,  L.  ;  (19)  Gorytes  campestris,  L.  C.  Coleoptera — (20)  Coccinella 
7-punctata,  L.  ;  (21)  C.  14-punctata,  L.,  both  very  ab.,  l.h.  A  list  of  Alpine 
^^8ito^8  (including  43  Diptera)  is  given  in  No.  609. 

Tribe  UydrangecB. 

Fhiladelphus  coronaritcs,  L.,  is  proterogynous.  When  the  flower 
opens  the  stigmas  are  already  ripe,  but  the  stamens  still  immature. 
In  weather  favourable  for  insect-visits,  it  is  easy  to  find  flowers 
whose  anthers  are  still  closed  but  whose  stigmas  are  sprinkled 
with  pollen.  The  numerous  anthers  stand,  both  before  and  after 
dehiscence,  close  round  the  stigma,  some  on  a  level  with  it,  some 
higher,  some  lower ;  the  outermost  dehisce  first,  the  innermost 
last ;  all  cover  themselves  all  round  with  pollen.    Honey  is  secreted 
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by  a  white,  fleshy  disk  on  the  upper  surface  of  the  ovary.  Insect- 
visitors,  collecting  or  feeding  on  pollen  or  thrusting  their  heads 
down  between  the  stamens  towards  the  honey,  can  thus  lead  to 
cross-fertilisation  only  in  young  flowers,  but  in  old  ones  cross- 
fertilisation  and  self-fertilisation  are  alike  possible.  In  absence  of 
insects,  self-fertilisation  may  easily  take  place,  for  the  stigmas 
stand  partly  in  the  line  of  fall  of  the  pollen.  But  the  honey,  only 
hidden  by  the  stamens,  is  accessible  to  so  many  insects,  and  the 
white  colour  and  strong  scent  are  such  powerful  attractions,  that  in 
fine  weather  insect-visits  can  seldom  fail. 

Tribe  Ribesieas. 

158.  RiBES  ALPINUM,  L. — This  species  presents  its  honey  in  a 
shallower  depression  than  any  of  our  other  species  of  Ribes,  so 


Fio.  Sl.^Ribes  alpinum,  L. 

1.— Female  flower,  from  above. 

2. — Ditto,  In  section. 

8. — Male  flower,  in  section. 

a',  rudimentary  anthers;  st',  rudimentary  stigma;  n,  nectar>'. 

that  it  is  easily  accessible  to  very  various  insects,  and  is  con- 
sequently visited  by  the  most  manifold  forms.  Although  I  only 
had  an  opportunity  of  watching  a  few  plants  in  a  hedge,  I  saw 
upon  their  flowers  the  following  : 

A.  Hymeiioptera — Apidcn  :  (1)  Andrena  albicans,  K.  9  (J,  s.  and  Cp.,  very 
ab. ;  (2)  A.  Gwynana,  K.  (J,8.  ;  (3)  A.  nana,  K.  (J,  b.  ;  (4)  Halictus  nitidus, 
Schenck,  9,8.;  (o)  H.  nitidiusculus,  K.  ? ,  c.p.  ;  (6)  Sphecodes  gibbus,  L. 
9,8.  B.  Dipteru — {a)  MuscidcB :  (7)  Scatophaga  stercoraria,  L.  ;  (8)  S. 
merdaria,  F.  ;   (6)  Syvphkim  :  (9)  Syritta  pipiens,  L.,  all  three  ab.,  s. 

Upon  this  abundance  of  insect-visits,  which  insures  cross- 
fertilisation,  depends  the  dicecism,  evolved  from  a  previous 
hermaphroditism  and  still  showing  traces  thereof,  which  would 
of  necessity  be  fatal  in  default  of  in  sect- visits.  The  male  flowers 
are  of  scarcely  larger  size,  but  their  greenish -yellow  colour  is 
more  conspicuous  than  the  green  female  flowers.  The  calyx 
almost  alone  plays  tho  part  of  signal  to  the  insects. 
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159.  RiBES  NIGRUM,  L. — The  stigma  and  anthers  are  both 
alike  ripe  at  the  opening  of  the  flowers.  The  anthers  open  on  the 
inner  side,  and  are  brought  so  close  to  the  stigma  by  the  conver- 
gence of  the  petals  that  an  insect's  head,  when  pushed  into  the 
flower,  must  touch  with  one  side  the  pollen-dusted  face  of  one  or 

two  anthers,  and  with  the  other,  at  the  same  time 
or  a  little  before,  the  slightly  protruding  stigma. 
Since  the  bell-shaped  calyx,  whose  floor  secretes 
honey,  is  5  mm.  deep,  and  the  red  tips  of  the 
sepals  and  the  small  white  petals  make  the  pendu- 
lous flowers  only  slightly  conspicuous,  insect-visits 
are  not  plentiful :  I  have  only  seen  the  honey- 
Pio.  S2.—Bibet nigrum,  bcc  sucking  at  this  spccics.  It  put  its  head  only 
T-*    1  «^'    , «        once  into  each  flower,  and  touched  the  stigma  now 

Lstenl  view  of  flower.  ^  '  o  ^ 

on  the  upper  side,  now  on  the  lower,  sweeping 
away  pollen  each  time  on  the  opposite  side  and  so  regularly  ac- 
complishing cross-fertilisation.  As  compensation  for  the  paucity  of 
insect-visits,  self-fertilisation  takes  place  regularly  in  unvisited 
flowers,  pollen  falling  of  itself  out  of  the  anthers  upon  the  recurved 
margin  of  the  stigma. 

160.  RiBES  RUBRUM,  L.,  is  likewise  homogamic,  but  has  much 
flatter,  more  widely  open,  and  more  conspicuous  flowers  than 
B.  nigTiimy  and  more  easily  accessible  honey.  So  it  is  more 
abundantly  visited  by  insects,  and  is  cross-fertilised  after  the  same 
manner  as  R.  nigrum  but  is  self-fertilised  less  easily ;  the  flowers 
are  turned  sideways,  and  self-fertilisation  only  takes  place  when 
pollen  falls  upon  the  stigma  from  the  anthers  above  it.  I  have 
seen  the  following  insects  upon  the  flowers  : — 

Hymenoptera — (a)  Apida  :  Andrena  fulva,  Schrank,  9  >  **•  ^^d  cp.,  freq.  ; 
(2)  A.  Smithella,  K.  (J,  8.  ;  (3)  A.  nana,  K.  (J,  s.  ;  (4)  Apis  mellifica,  L., 
5  ,  8.  aifd  cp.,  ab.  ;  (b)  Tenthredinufcf :  (5)  Nematus  hortensis,  Htg.,  8. 

161.  RiBES  Grossularia,  L. — The  anthers  dehisce  when 
the  flower  opens :  the  styles  have  not  as  yet  attained  their  full 
length,  nor  have  the  stigmas  developed  their  papillae.  Since  the 
flowers  mostly  hang  down  perpendicularly  and  the  stamens  stand 
around,  and  on  a  level  with,  the  stigmas,  self-fertilisation  can  as  a 
fule  not  take  place,  even  in  default  of  insect-visits.  This,  like  the 
proterandry,  points  to  more  numerous  insect-visits  than  the  former 
species  receives  ;  and  these  really  take  place,  induced  by  the  large 
recurved  sepals,  the  large,  perpendicular,  downward -pointing  petals, 
and  the  easily  accessible  honey. 
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Visitors  :  A.  HymeDoptera — Apida :  (1)  Bombus  teirestris,  L.  J ,  freq.  ; 
(2)  B.  pratorum,  L.  ?  (in  Stromberg),  very  ab. ;  (3)  B.  Scrimshiranus,  K.  ?  ; 
(4)  Apis  mellifica,  L.  $ ,  very  ab.  ;  (5)  Andrena  nitida,  K.  $ ,  all  sucking ; 
(6)  A.  albicans,  K.  (J  ?  ;  (7)  A.  Gwynana,  K.  (J  ?  ;  (8)  A.  fulva,  Schrank, 
9 ,  the  last  three  both  s.  and  f.p. ;  (9)  Halictus  rubicundus,  Chr.  9  >  ^  ^' 
Diptera — (a)  Muscidas:  (10)  Scatophaga  stercoraria,  L.,  s.  ;  (11)  Calliphora 
erythrocephala,  Mgn.,  s.  ;  (6)  Syrphida:  (12)  Eristalis  aeneus,  L.,  s.  and  f.p. ; 
(13)  Syritta  pipiens,  L.,  do.  The  in  sect- visitors  cause  cross-fertilisation  in  the 
same  way  as  in  R.  nigrum.     See  also  No.  590,  i. 

Ribes  sang^uineum,  Pursh. — The  calyx-tube  is  3  mm.  deep  ;  the 
erect  petals  form  a  tube  more  than  5  mm.  deep.  As  a  rule,  there- 
fore, the  honey  is  obtained  and  the  flowers  fertilised  by  bees  only, 
especially  the  hive-bee. 

Bibes  aurcuin,  Tixrsh. — The  calyx-tube  is  10  to  11  mm.  deep, 
and  the  erect  petals  add  3  mm.  more  to  its  depth.  The  honey  is 
only  accessible  to  very  long-tongued  bees,  and  the  flowers  have  been 
found  by  Delpino  in  Italy  and  by  me  in  Lippstadt  to  be  visited 
only  by  AiUhophora  pilipes,  9 ,  whose  proboscis  is  the  longest  among 
our  native  bees  (20  mm.).  In  the  two  last  species  the  flowers 
persist  a  long  time  after  the  reproductive  organs  are  withered,  and 
even  become  more  conspicuous,  since  the  petals  in  B,  sanguineum 
change  from  white  to  pink,  and  those  of  R,  aurenm  from  bright 
yellow  to  carmine.  By  this  peculiarity,  not  only  is  the  power  of 
attracting  insects  increased,  but  the  more  intelligent  fertilising 
agents  are  told  at  the  first  glance  which  flowers  contain  no  more 
treasure  for  them,  the  result  being  that  they  visit  and  fertilise  more 
flowers  in  the  same  time  (590, 1.).  The  same  kind  of  colour-change 
occurs  in  several  species  of  Fuchsia  and  Lantana,  in  Diervilla 
( Weigelia)  roseay  Melampyrum  pratense,  L.,  Fumai^  capreolata,  var. 
pallidijlora,  Jord.,  and  others  (575). 

Ribes  petrccum,  Wulf.,  is,  according  to  Ricca,  slightly  pro- 
terogynous  (665) ;  according  to  my  own  observations  it  is 
homogamic  (609). 


Ord.  CRASSULACEjE, 

Brynphylhim  calycinuw,  Salisb.,  is  proterandrous,  and  has  bang-r 
iug,  tubular  flowers,  rich  in  honey.  Delpino  supposes  humming-birds 
to  be  the  fertilisers,  despite  the  pale  greenish  colour  (177). 

162.  Sedum  acre,  L. — Although  the  plant  is  small,  it  is 
rendered  conspicuous  on    the   bare   spots   where  it  grows  by  its 
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bright  yellow  flowers,  and  dense  tufted  habit.  The  flowers  secrete 
honey  from  five  yellowiah  scales  at  the  base  of  the  flower,  lying 
between  the  anthers  and  carpels.  The  honey  is  accessible  to 
insects  with  very  short  tongues,  and  the  flowers  are  visited  by 
numerous  species  of  diflerent  orders.  Cross-fertilisation  for  the 
most  part  takes  place.  For  when  the  flowers  open,  and  their 
petab  spread  fully  out  into  a  five-rayed .  star,  the  Ave  stamens 
which  alternate  with  the  petals  and  which  stand  erect  round  the 
middle  of  the  flower  now  dehisce  ;  white  the  five  others  which  are 
inclined  outwards  with  the  petals  remain  closed  :  the  stigmas  are 
still  quite  immature.  As  the  first  five  stamens  wither,  the  others 
rise  up  towards  the  centre  and  open ;  very  soon,  even  before  this 
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second  ring  of  stamens  withers,  the  stigmas  ripen.  By  suflGcient 
insect-visits  which  in  sunny  weather  never  fail,  the  pollen  is 
wholly,  or  in  great  part,  removed  before  the  stigmas  are  capable 
of  being  fertilised.  If,  however,  in  dull,  windy  weather,  insect- 
visits  are  lacking,  the  anthers  remain  stored  with  pollen  until  the 
full  ripening  of  the  stigmas,  and  self-fertilisation  becomes  possible. 
Since  the  flowers  are  small  compared  with  the  insects,  the  latter 
touch  both  stamens  and  stigmas  whether  they  alight  in  the  centre 
of  the  flower  or  creep  inwards  from  the  edge. 

Twitore  :  A.   Hymenoptera— (a)  Apida  .-  (1)  Bombua  Rajellus,  K.  (J ;  (2) 
Cilina  tricincta,  K.  f  ;  (3)  Andrcna  cingulata,  K.  $  ;  (4)  A.  parvula,  K.  9  ^ , 
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Hb.  ;  (5)  SphecodiM  gilbiis,  L.  ? ,  freq.  ;  (Uj  NomaJa  ferruginata,  K.  ?  ;  (7; 
ProBOpia  annillata,  Nyl.  ?,  ab.  ;  (8)  Pr.  variegala,  F.  (J  ;  (9)  Pr.  breviconiis, 
NyL  J  ;  (10)  Mi-gachile  circumcincta,  K.  ?,  all  sucking  ;  (11)  M.  centuncularia, 
L.  ?,  c.p.  ;  (b)  Sphegidie ;  (12)  Ammophila  sabulosa,  L.  ;  (13)  Oiybelus 
uniglumis,  L.,ab.,  both  Bucking.  B.  Dipteni— (a)  Syrphida :  (14)  Erutolis 
tenai,  L.,  £p.  ;  (b)  Matcidit :  (15)  Pyrellia  eenea,  Zett,  8. 

163.  Seduu  REFLEX0M,  L.,  with  a  similar  arrangemeDt  of  its 
flowers,  is  in  like  manner  visited  by  insects  of  various  orders. 

I  raw  upon  iu  flowi^re :  (1)  Megachile  maritima,  K.  ^  (Apida),  nicking  ; 
(2)  Erietalis  tenai,  L.  {Syrphida),  both  sucking  and  eating  pollen.  A  further 
list  in  given  in  No.  590,  t. 

Sedum  album,  L. — This  species  is  so  decidedly  proterandrous, 
that  spontaneous  self-fertilisation  as  a  rule  can  scarcely  result  even 
in  default  of  insect-visits.  I  have  found  the  plant  visited  abun- 
dantly by  insecls.both  on  the  granite  of  Luisenberg  in  the  Fichtel- 
gebirge  ($90,  I.)  and  in  the  subalpine  region  of  the  Alps  (690). 

1C4.  Sedum  Telephium,  L. — The  stamens  dehisce  introrsely, 
first  the  five  alternating  with  the  petals,  and  then  the  inner  series, 
and  at  once  cover  themselves  all  round  with  poUen.     The  stigmatic 


T  tha  Itvc  nactulu. 


papillte  develop  upon  the  pointed  ends  of  the  styles,  after  the  last 
stamens  have  withered.  Since  the  petals  and  stamens  are  spread 
out  as  widely  as  the  adjacent  flowers  permit,  self-fertilisation  does 
not  take  place  in  default  of  in  sect- visits,  even  when  the  anthers 
are  still  stored  with  pollen  at  the  ripening  of  the  stigmas. 

The  honey-glands  are  at  the  points  of  long  scales  hidden  under 
the  ovaries,  at  the  bases  of  the  petals.     Insects  which  creep  over 
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the  closely  packed  flowers,  to  suck  honey  or  gather  pollen,  come  at 
once  in  contact  with  the  stamens  or  stigmas  of  many  flowers,  and, 
as  a  rule  accomplish  cross-fertilisation  by  help  of  the  proterandrous 
condition  :  old  flowers  alone,  which  retain  some  pollen  upon  their 
stamens  when  the  stigmas  are  ripe,  are  liable  to  self-fertilisation. 

In  spite  of  the  smaller  flowers  and  more  hidden  honey,  this 
species  can  dispense  with  the  possibility  of  self-fertilisation,  since 
the  close  association  of  many  flowers  insures  insect-visits  and  con- 
sequent distribution  of  pollen  more  completely  than  is  the  case 
in  Sedum  acre.  Although  I  only  once  watched  the  flowers  of 
Sedum  Telephium  (August  16,  1869)  in  sunny  weather  I  saw  the 
following  insects  visit  it : — 

A  Hymenoptera— (a)  Apidai :  (1)  Bombus  (Apathus)  campestris,  Pz.  ^  ; 
(2)  B.  sil varum,  L.  9  9  >  freq- ;  (3)  R  agrorum,  F,  ^ ,  tliese  three  suckiDg  ; 
(4)  B.  lapidarius,  L.  $ ,  c.p.  ;  (5)  Halictus  zonulus,  Sm.  9,8.;  (6)  Tenthre- 
dinidce:  (6)  Allantus  notha,  Kl.  (Tekl.  B.).  B.  Diptera— Af  M^cute ;  (7) 
Echinomyia  magnicomis,  Zett.,  s. 

Sedum  atratum,  L.,  is,  according  to  Ricca,  proterogynous  with 
short-lived  stigmas  (665).  I  have  found  it,  however,  on  the 
Alps  to  be  likewise  proterogynous,  but  liable  to  regular  and  even 
early  spontaneous  self-fertilisation,  which  is  probably  indispensable, 
as  the  plant  is  but  little  visited  by  insects  (609). 

Sedum  repens,  Schleich. — This  species  also  is  proterogynous  on 
the  Alps,  and  in  the  absence  of  insects  it  likewise  fertilises  itself; 
but  its  flowers  are  rather  conspicuous  and  more  visited  by  insects, 
so  that  the  need  for  self-fertilisation  is  less  urgent  than  in  the 
case  of  S,  atratum  (609). 


THE   COLOUR    AND    SIZE   OF   THE    FLOWER   IN   CRASSULACEiE. 

The  colour  of  the  flower  in  Crassulacese  depends  closely  upon 
the  adaptation  of  the  flower  to  a  narrow  or  wide  circle  of  visitors. 
In  the  species  of  Sedum,  whose  honey  is  still  quite  visible  and 
accessible  to  the  most  short-lipped  insects,  the  flowers  are  greenish- 
yellow,  yellow,  or  white ;  in  Sempcrvivum  Funkii,  Braun.,  S, 
montanum,  L.,  S,  arachnoideumt  L.,  and  S.  tectorum,  L.,  whose 
honey  lies  hidden,  and  which  I  have  seen  visited  on  the  Alps  by  a 
miscellaneous  company  of  bees,  Lepidoptera,  and  long-tongued  flies, 
the  flowers  are  purple;  in  Sempervivum  Wulfenii,  Hopp.,  whose 
honey  is  still  more  concealed,  the  flowers,  which  are  chiefly  visited 
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by  humble-bees,  are  sulphur-yellow,  and  only  remain  purple  at  the 
Imse.  I  say  only  remain  purple  at  the  base,  because  this  colouring 
is  now  useless,  and  seems  only  explicable  as  a  remnant  inherited 
from  purple-flowered  ancestors.  The  sulphur-yellow  colour  of 
Sempervivum  Wulfenii  seems  not  to  stand  on  the  same  rank  as  the 
yellow  colour  of  some  Sedums ;  but  rather  to  have  been  developed 
from  a  purple  colour  by  the  selective  influence  of  humble-bees. 
In  connection  with  the  size  of  the  flower,  we  see  in  many 
Crassulacese  the  number  of  the  parts  increased  or  decreased : 
increased  in  Sedum  from  5  to  7,  in  Sempervivum  arachnoideum 
to  9 — 11,  in  S.  monianum  to  9 — 12,  in  S.  Funkii  to  10 — 13,  in  S. 
teetorum  to  11 — 13,  in  S,  Wulfenii  to  13 — 16;  decreased  in 
Bulliarda,  DC,  to  4,  in  Ti!la:a,  L.,  to  3  (609). 

Obd.  DROSERACEjE. 
Drosera,  L.,  occurs  with  cleistogamic  flowers  (169). 

Okd.  HALORAGEjE, 

Callitriche  vema,  L. — The  proterogynous  flowers  are  figured  by 
Axell  (17).  Axell  considers  them  to  be  anemophilous ;  Ludwig 
looks  upon  the  submerged  flowers  as  hydrophilous,  and  the  others 
as  entomophilous  (435). 

Myriophylhcm  spicaium  is  anemophilous,  and  if.  vertidllcUum  is 
partly  anemophilous  and  partly  hydrophilous,  according  to  Ludwig 

(435). 

Obd.  COMBRETACE^. 

Combrctum,  L.,  is  very  diligently  visited  by  humming-birds  in 
South  Brazil  (Fritz  Muller,  359).  My  brother  informs  me  by  letter 
that  it  is  also  frequented  by  butterflies  (Callidryas). 

Obd.  MELASTOMACEjE. 

Heeria,  Schlecht.,  has  two  kinds  of  stamens,  one  serving, 
apparently,  to  attract  the  fertilising-agents,  and  the  other  supplying 
the  pollen  for  cross-fertilisation  (606). 

Obd.  LYTHRARIEjE. 

165.  Lythrum  Salicaru,  L. — This  plant  has  acquired,  through 
Darwin's  numerous  and  laborious  experiments  (158),  so  important 
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a  place  iu  tlie  question  of  the  origin  of  species,  that  its  fertilisation 
by  insects  in  tlie  wild  state  also  deserves  our  special  attention.  I 
shall  recapitulate  first  the  peculiarities  of  its  flower,  next  the  results 
of  Darwin's  experiments,  and  finally  the  insect-visitors  that  I  have 
observed. 

The  flowers,  which  are  set  in  close  whorls  on  a  long  spike,  arc 
almost  regular,  usually  hexamerous  but  sometimes  pentamerous, 
both  forma  occurring  on  the  same  spike  ;  they  have  lost  something 
of  their  regularity  by  standii^  not  quite  horizontally  but  directed 
slightly  upwards.  Of  the  five  or  six  petals  which  are  inserted  on 
the  edge  of  the  cylindrical  calyx-tube,  5  to  7  mm.  long,  the  three 
lower  (outer)  are  usually   a  little  longer  than  the  two  or  three 
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Upper  ones;  the  former  are?  to  11  mm.  long,  the  latter  G  to  10  mm. 
When  the  flower  is  fully  expanded,  as,  owing  to  the  crowded 
arrangement,  it  seldom  is,  the  upper  petals  stand  vertically  while 
the  lower  project  obliquely  forward  ;  and  the  latter  form,  therefore, 
a  rudimentary  platform  for  insects.  The  irregularity  in  position  of 
the  stamens  and  pistil  is  of  more  importance ;  they  all  occupy  the 
inferior  (outer)  part  of  the  tube,  so  that  insects  cannot  reach  the 
baae  of  the  flowor  between  them,  but  only  above  them  ;  and  their 
ends  are  bent  upwards,  so  that  the  ventral  surface  of  the  insect 
must  come  in  contact  both  with  anthers  and  stigma.  Honey  is 
secreted  by  the  fleshy  base  of  the  flower,  and  surrounds  the  short 


PART  III.]  THE  MECHANISMS  OF  FLOWERS. 


257 


stalk  of  the  ovary  and  fills  the  space  between  it  and  the  sides  of  the 
tube.  Insects  are  attracted  from  a  distance  by  the  crimson  spikes 
of  flowers,  and  are  guided  on  their  way  to  the  honey  by  the  dark 
red  colour  of  the  inner  surface  of  the  calyx  and  by  the  dark  lines 
in  the  middle  of  each  petal.  These  insects  are  caused  to  perform 
regular  cross-fertilisation  by.  the  triinorphism  of  the  flowers,  which 
forms  the  most  remarkable  feature  of  the  plant. 

In  each  flower  the  reproductive  organs,  which  consist  of  one  pistil 
and  two  whorls  of  stamens,  of  five  or  six  each,  are  of  three  different 
lengths ;  the  shortest  are  inclosed  in  the  calyx- tube,  the  intermediate 
ones  project  3  to  4  mm.,  and  the  longest  6  to  8  mm.  beyond  it,  and 
either  the  style  or  one  or  other  whorl  of  stamens  may  be  the  longest. 
All  the  flowers  on  any  one  plant  are  of  the  same  kind,  and  the  three 
forms  are  designated  by  Darwin,  the  Long-styled,  Mid-styled,  and 
Short-styled.  Both  pollen-grains  and  stigmatic  papillae  differ 
according  to  the  length  of  the  organs  which  bear  them.  All  the 
pollen-grains  are  elliptical  when  dry,  and  swell  into  a  spherical  form 
when  moistened.  The  pollen-gtains  of  the  longest  stamens  are 
green,  those  from  the  middle-sized  and  shortest  stamens  are  yellow. 
The  pollen-grains  vary  in  size  also  according  to  the  length  of  the 
stamen  that  they  come  from,  and  there  is  even  a  slight  difference 
in  size  between  pollen-grains  from  stamens  of  the  same  length  but 
belonging  to  flowers  of  different  kinds.  The  following  table  exhibits 
these  differences  : — 


Form  of  flower. 


Long-styled 
Long-styled 
'  Mid-styled 
Mid-styled 
Short-styled 
Short-styled 


Relative  length  of 
stamens. 


Intermediate 
Short  .  . 
Long  .  . 
Short  .  . 
Long  .  . 
Intermediate 


Size  of  dry  pollen-grains 

Diameter  of 

iQsAe 

f  mm. 

moist 

Colour  of 

pollen-grains 

pollen-graina. 

Length. 

Breadth. 

in  ,^  mm. 

7i-8J 

4-4J 

7-7i 

Yellow. 

7— 7i 

8J-4 

6— 6i 

Yellow. 

9—10 

6—7 

9—10 

Green. 

6—7 

3i— 4 

6 

Yellow. 

10—11 

6—8 

94— lOi 

Green. 

7—8 

4—5 

7-7i 

Yellow. 

So  the  longest  stamens  have  the  largest  pollen-grains,  and  the 
shortest  the  smallest. 

The  pollen-grains  of  the  long  stamens  differ  more  from  those  of 
the  middle-sized  and  short  stamens  than  these  from  each  other. 
The  stigmatic  papillse  in  the  long-styled  forms  are  considerably 
longer  and  have  their  free  ends  farther  apart  than  those  in  the 
mid-styled  and  short-styled  forms,  which  in  this  respect  also  do  not 
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differ  so  much  firom  each  other.  In  all  these  forms  the  stigmatic 
papilke  consist  of  long  cells,  whose  ends  are  cut  off  as  round  or 
elliptical  knobs  by  a  narrow  neck.  In  the  long-styled  flowers  these 
cells  are  *^^^  mm.  long,  and  as  the  part  below  the  constriction  is 
about  twice  as  thick  as  the  knob  above,  these  knobs  stand  at  a 
distance  from  each  other  equal  at  least  to  their  own  diameter.  In 
the  mid-styled  form  these  papilke  are  only  ^^^  mm.,  and  in  the 
short-styled  Y^f  mm.  long ;  and  in  both,  the  knobs  stand  very  near 
together,  since  the  part  of  the  cell  below  the  constriction  is  little 
thicker  than  that  above. 

Now  it  was  Darwin's  great  service  to  prove  beyond  question, 
by  a  long  series  of  patient  experiments,  that  in  Lythrum  Salicaria 
reproductive  organs,  when  of  different  length,  behave  to  one  another 
like  different  species  of  the  same  genus  in  regard  both  to  direct 
productiveness  and  the  character  of  the  offspring ;  and  that  con- 
sequently mutual  barrenness,  which  was  once  thought  conclusive 
proof  of  difference  of  species,  is  worthless  as  such,  and  the  last 
barrier  that  was  raised  between  species  and  varieties  is  broken 
down. 

Now  of  the  eighteen  possible  ways  of  fertilisation, — applying 
the  six  different  kinds  of  pollen  to  the  three  kinds  of  stigmas, — 
those  six  only  are  fully  productive  in  which  a  stigma  receives 
pollen  from  a  stamen  of  equal  height.  The  probability  that  the 
large  pollen-grains  from  the  long  stamens  are  only  suited  to  the 
long,  widely  separate  papillae  on  the  long  styles  (and  so  forth  in  the 
other  cases)  is  thus  fully  confirmed  by  experiment.  But  such  an 
adaptation,  such  a  differentiation  of  the  sexual  parts,  is  only 
intelligible  if  it  can  be  shown  that  under  natural  conditions  insect- 
fertilisation  causes  the  distribution  of  pollen  to  the  proper  stigmas; 
and  it  is  clearly  proved  by  observation  that  this  is  so. 

The  honey  of  Lythrum  Salicaria^  inclosed  at  the  base  of  a  tube 
5  to  7  mm.  long,  is  accessible  (1)  to  insects  which  have  a  proboscis 
5  to  7  nun.  long ;  and  (2),  since  the  entrance  to  the  tube  is  2^  to 
3  mm.  wide,  to  insects  whose  head  is  small  enough  to  be  thrust 
partly  or  entirely  into  the  tube ;  and  (3)  to  insects  small  enough  to 
creep  down  to  the  base  of  the  flower. 

Almost  every  insect,  whose  body  along  with  its  proboscis  is  at 
least  12  to  15  mm.  long,  must  in  sucking  the  honey  touch  the 
shortest  organs  with  its  proboscis,  or,  if  this  is  less  than  5  to  7  mm. 
long,  with  the  under  side  of  its  head  ;  the  next  series  with  a  part  of 
its  ventral  surface  4  to  5  mm.  further  back,  and  the  third  series 
with  another  part  of  its  ventral  surface  the  same  distance  behind 
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the  last.  Thus  all  the  three  kinds  of  stigmas  will  tend  in  time  to 
receive  pollen  from  stamens  of  their  own  length.  If  the  middle- 
sized  and  longest  organs  were  also  inclosed  within  the  tube,  the 
proboscis  or  head  of  the  insect  in  passing  down  would  come  in 
contact  with  all,  one  after  the  other,  and  cross-fertilisation  could  not 
be  nearly  so  well  restricted  to  its  proper  lines.  In  point  of  fact,  the 
insect  alighting  on  the  middle-sized  and  longest  organs  never  has 
occasion  to  touch  these  with  its  proboscis  or  the  fore-part  of  its 
ventral  surface,  the  parts  that  are  to  come  in  contact  with  the 
shortest  organs;  nor  is  the  posterior  part  of  the  ventral  surface 
which  has  been  in  contact  with  the  longest  organs,  ever  brought 
forward  during  the  process  of  sucking  to  touch  the  intermediate 
ones.     So  that,  as  a  rule,  "  legitimate  crossing  "  only  is  performed. 

In  the  action  just  described,  which  leads  regularly  to  legitimate 
crossing,  only  the  larger  and  middle-sized  bees  and  the  larger  flies 
take  part. 

I  have  observed  :  (1)  CiliBsa  melanura,  Nyl.  (J  and  ?  ,  wherever  Li/thrum 
Salicaria  grows,  both  sucking  honey  and  gathering  pollen,  and  almost  confining 
itself  to  this  one  plant.  (Since  its  proboscis  is  only  3 — 4  mm.  long,  it  must  thrust 
a  great  part  of  its  head,  which  is  2 — 3  mm.  broad,  into  the  tube  :  it  then  touches 
the  shortest  reproductive  organs  with  the  under  surface  of  its  head,  the  next 
with  the  ventral  surface  of  its  thorax,  and  the  longest  with  the  ventral  surface 
of  its  abdomen  ;  so  that  its  dimensions  suit  the  flower,  just  as  well  as  the  flower 
must  suit  it,  for  the  insect  to  confine  its  visits  so  exclusively  to  it  I  have  only 
found  one  exception  to  this  exclusiveness,  for  I  onc«  found  a  male  of  Cilissa 
melanura  sucking  honey  on  Thrincia  hirta,  D.C.)  ;  (2)  Saropoda  rotundata,  Pz. 
9  (J,  frequently  (body  without  proboscis  10 — 11  mm.,  proboscis  9  mm.  long)  ; 
(3)  Apis  mellifica,  L.  9  (body  without  proboscis  11 — 13  mm.,  proboscis  6  mm. 
long) ;  (4)  Bombus  terrestris,  L.  9  (boily  12—16  mm.,  proboscis  7 — 9  mm. );  (5) 
B.  agrorum,  F.  ^  (body  10 — 13  mm.,  proboscis  9 — 11  mm.) ;  (6)  B.  silvarum, 
L.  9  (body  10 — 12  mm.,  proboscis  10—12  mm.).  All  the  humble-bees  were 
frequent,  and,  like  Nos.  2  and  3,  sucking  honey  only  ;  (7)  Megachile  centun- 
cularis,  L.  (J  (body  10  mm.,  proboscis  6 — 7  mm.),  also  sucking  honey.  The 
last  six  species,  as  the  annexed  measurements  show,  have  all  tongues  long 
enough  to  reach  the  honey  by  thrusting  in  the  tongue  alone  ;  they  all  therefore 
touched  the  shortest  organs  with  their  tongues,  the  next  series  with  the  lower 
surface  of  the  head,  and  the  longest  with  a  part  of  the  ventral  surface  of  the 
body  4 — 5  mm.  further  back.  The  hive-bee  must,  in  full-sized  flowers,  have 
thrust  the  extremity  of  its  head  1  mm.  deep  into  the  calyx-tube. 

Besides  these  bees,  which  deserve  to  be  placed  in  the  first  rank  as  legitimate 
fertilisers,  the  Loosestrife  is  visited  by  a  number  of  long-tongued  flies,  especially 
Rhing'm  rostrata.  This  fly,  standing  on  one  or  more  of  the  petals,  after  gently 
rubbing  its  forefeet  together,  and  brushing  its  tongue  and  head  with  them, 
stretches  its  proboscis  out  to  a  length  of  11 — 12  mm.,  and  thrusts  it  down  into 
the  flower,  letting  it  remain  there  from  six  to  t^n  seconds.  Immediately  after 
withdrawing  it  from  the  tube,  it  usually  manipulates  one  of  the  anthers  with  its 

s  2 


260  THE  FERTILISATION  OF  FLOWEKS.         [pakt  hi, 

labcllie  for  a  short  time  (one  to  two  seconds)  in  order  to  add  to  llie  liquid 
noo-mtrogenoua  food  Bome  solid  nitrogenous  matter  in  the  shape  of  pollen- 
graine.  In.  inserting  its  proboscis  into  the  tiihe,  the  conical  prolongation  of 
the  head  comes  in  contact  with  the  middle-sized  repri>duotive  organs,  while  the 
proboscis  itself  touches  the  shortest  ;  the  longest  organs  come  at  times  in  contact 
with  the  Tentral  surface  of  the  fly,  but  very  often  fail  to  do  so  ;  and  no  this  fly, 
as  a  rule,  only  performs  two-thirds  of  the  legitimate  work  of  fertilisation. 
Two  other  Syrphidm,  Helophilua  pendulus,  L.,  and  H.  trivittatiw,  F.  {proboacis 
B — 7  mm.  long),  alight  upon  the  longest  reproductive  organs,  and  fertilise  all 
three  kinds  of  flowers  legitinial«ly  ;  so  also  Joes  Volucella  plumala,  L.,  whose 
proboscis  is  7 — 8  mm.  long.  Several  smaller  Syrphid*,  whotie  probowia  is  too 
abort  to  reach  the  boney,  viz,  Syritta  pipiens,  L.  (prc)l)oecis  3  mm.),  Syrphus 
halleatuB,  Deg,  (2  mm.),  and  Melitbreptus  treniatus,  Mgn.,  feed  on  tlie  pollen, 
which  they  may  chance  to  carry  to  the  stigmas ;  but  they  are  as  likely  to 
perform  illegitimate  as  legitimate  fertiliaation,  Tlie  same  holiis  good  of  Halictus 
cylindricus,  F.  9 ,  which  has  likewise  Uxi  short  a  proboscis  to  reach  the  honey, 
and  only  collect*  pollen  on  this  flower  ;  and  also  of  some  very  small  insects, 
Nanophyes  lythri,  F.,  Meligethes,  and  Thrips,  wliich  creep  down  into  the  tnbc, 
and  of  a  species  of  Capsus  which  runs  about  indiscriminately  on  the  leaves  and 
also  on  the  flowers  of  the  plant. 

Two  butterflies  also,  Rho-locera  rhamiii,  h.,  and  Pieris  mpffi,  L.,  are  to  be 
seen  rather  abundantly  on  the  flowcra  of  the  Loosestrife.  The  butterfly,  sitting 
upon  one  flower,  thrusts  ita  proboscis  (15  mm.  long)  into  the  neit ;  it  thna 
touches  the  shorleBt  organs  regularly  with  its  proboscis,  but  seldom  the  middle- 
aized  ones,  and  the  longest  scarcely  ever,  but  the  middle-eizei!  and  longest 
organs  of  the  flower  on  which  it  ia  seated  conic  in  contact  with  the  ventral 
surface  of  its  body. 

In  the  following  list,  those  insect- visitors  which  regularly  accomplish  cross- 
fertilisation  in  its  three  forms  are  marked  with  (l)  ;  those  which  as  a  rule  only 
effect  one  or  two  forma  of  crosaing  are  printed  without  special  mark  ;  and 
those  which  only  occasionally  fertilise  the  plant,  and  perform  illegitimate 
as  ofUn  as  legitimate  fertilisation,  are  place<l  in  parenthe^ses. 

A.  Hymen optera^.lpirfiB  .■  (1)  Cilissa  melanura,  Nyl.  {J  9  '  ■■  nnilc.p.,Bb, 
(2)  Saropoda  rotimdala,  Pz,  tj  ?  I  s.,  not  rare ;  (3)  Apis  niellifica,  L.  ?  !  a. 
(4)  B.  terrestris,  L.  >} '.  s.  ;  (5)  B.agronim,  F.  t '.  a,  ;  (6)  B.  silvamm,  L.  f  1  s. 
(7)  Megachile  cenlunciilaris,  L.  (J  !  s.  ;  (8)  (Halictus  minutissimns,  K.  ?,  s.) 
(9)  (H.  cylindricue,  F.  9,c.p.).  B.  Diptera— Syry/iirfm  .-  (10)  Rliingia rostnita, 
L.,  a,  and  ap.  ;  (11)  Helophilua  pendulus,  L.  !  s. ;  (12)  H.  trivittatus,  F.l  s. ; 
(13)  Volucella  plumata,  L. !  a. :  (14)  (Syritta  pipiens,  L.,  f.p.)  j  (16)  (8yq)hua 
balteatUB,  Beg.,  £p.) ;  (16)  (MelitJireptuRtffiniatn8,Mgn.,  f.p.).  C.  Lepidopl«ra 
— Rhopaloefra:  (17)  Rhodocerarhamni,  L.,».,  ah.  j  (18)  Pieris  rapre,  L.,8.,ab 
D.  Ck.leoptera— (o)  OfrcuiwHirfii.- (19)'(Nanophyes  lythri,  F.)  ;  (h)  MUdulida ; 
(20)  (Meligethes).  E.  Thy6anoptera-(2l)  (Thrips).  F.  Hemiptera— (22) 
(Capius).    See  also  No.  590, 11. 

Lythrum  Graefferi,  Ten.,  is,  like  L,  Salicaria,  trimorphic;  L. 
thymifolia.,  L,,  is  dimorphic,  and  L.  hysaopifolia,  L.,  homoinorphic 
(Darwin,  No,  154). 

Besides  Lythrum,  Nmta,  Commers..  and  Lagcratreemia,  L.,  have 
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trimorphic  species  ;  Pemphis,  Forst.,  has  dimorphic  species  (Kuhn, 
No.  399,  Darwin,  No.  167,  2nd  ed.).  Koehne  mentions  twenty-one 
heterostylic  and  340  homostylic  species  of  Lythrum  ;  according  to 
him,  L.  thymifolia  is  not  heterostylic  (394).  Peniphis  acidula, 
Forst,  and  some  species  of  Botala}  L.,  and  Nescea  are  clearly 
heterostylic  and  dimorphic. 

Aminannia  lati/olia,  L.,  has  cleistogamic  flowers  (394). 

Cuphea  silenoides,  Nees,  0.  florihunda,  Lehm.,  and  C.  MelvUla 
Lindl.,  according  to  Treviranus,  fertilise  themselves  before  the 
flower  opens  (742). 

Obd.  ONAGRARIEJE. 

166.  Epilobium  angustifolium,  L. — The  markedly  proter- 
androus  flower  was  thoroughly  discussed  by  Sprengel,  who  noticed 
humble-bees  as  its  fertilisers.  The  bright  crimson  racemes,  a  foot 
long,  are  very  conspicuous.  The  honey  is  secreted  by  the  green, 
fleshy,  upper  surface  of  the  ovary,  and  is  easily  accessible  to  insects 
and  yet  well  sheltered  from  rain.  The  expanded  lower  ends  of  the 
filaments  form  a  hollow  cone,  which  incloses  the  base  of  the  style 
and  the  surrounding  honey ;  where  the  style  issues  at  the  apex  of 
this  cone,  hairs  upon  the  style  prevent  the  entrance  of  raindrops, 
while  insects  easily  gain  access  between  the  filaments. 

In  young  flowers  the  stamens,  covered  above  with  pollen,  project 
forwards  as  an  alighting-place  for  insects,  while  the  style  is  still 
short  and  bent  downwards,  with  its  stigmas  folded  together ;  in  older 
flowers,  the  empty  stamens  are  bent  downwards,  and  the  style, 
greatly  increased  in  length,  projects  forwards  with  its  four  stigmas 
outspread  and  recurved.  Alighting,  sucking,  and  pollen-collecting 
are  thus  all  made  easy,  cross-fertilisation  in  case  of  insects-visits  is 
insured,  and  self-fertilisation  rendered  impossible.  In  fine  weather, 
suflBcient  insect- visits  are  always  insured  by  the  conspicuous  colour, 
size,  and  grouping  of  the  flowers,  and  by  the  abundance  and 
accessible  position  of  the  pollen  and  honey. 

Visitors  :  A.  H ynienoptera— (a)  Apidas :  (1)  Apis  mellifica,  L.  §,8.,  very 
ab. ;  (2)  Bombua  lapidarius,  L.  2  §  ;  (3)  B.  pratomm,  L.  ^  ^  i ;  (4)  B. 
terrestris,  L.  ?  9  (J  ;  (5)  B.  confusus,  Schenck,  ? ,  all  ab.,  s. ;  (6)  B.  agrorum, 
F.  ?  9  (J,  very  ab.,  s.  ;  (7)  B.  (Apathus)  campestris,  Pz.  ^,  s.  ;  (8)  Sphecodes 
gibbus,  L.  9,8.;  (9)  Nomada  Roberjeotiana,  Pz.  ?,  b.  ;  (10)  N.  Jacobaea, 
Pz.  (J,  8.  ;  {b)  Sphegidce :  (11)  Cerceris  nasuta,  Latr. ;  (12)  Crabro  alatus,  Pz. ; 
(13)  Ammophila  sabulosa,  L.  ;  (c)  Tenthredinidce :  (14)  Tenthredo  scrophulariw, 
L.,    all   sucking.     B.    Diptera— (a)    Empida:    (16)    Empis  rustica,  Fallen; 

1   Vide  Bentham  and  Hooker,  Genera  Plantarum,  i.  p.  776. 
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(16)  E.  lividiL,  L.,  both  BUukiiig,  abundant;  (17)  SyrphuB  rLbesii,  L.,  f.p. 
D.  Lepidoptera — Sphinget :  (18)  liio  staticea,  L.,  a.  Sve  abio  Nu.  590,  il,  anil 
No.  609. 

Epilobium  FUisckeri,  Hochst.  {K  denticulatum,  Uiender),  is 
vi»ted  by  numerouB  humble-bees.  It  is  sometimes  homc^amic, 
sometimes  proterandrouB,  sometimes  proterogynous,  and  the  short 
style  always  occupies  the  same  position  below  the  stameus.  Cross- 
fertilisation  13  generally  insured,  but  aelf-fertilisation  is  not  quite 
excluded  (No.  609,  fig.  82). 

Insect-visitors  of  E.  Dodoncei,  Vill.,  E.  origanifolium.  Lam., 
and  E.  montanum.,  L.  {E.  collinum,  Qmel.),  are  enumerated  in  Die 
Alpenllumen. 

167.  Epilobium  pabviflobum,  Schreber. — In  regard  to  the 
power  of  attracting  insects  and  the  possibility  of  self-fertilisatiou, 
two  species  of  the  same  genus  could  scarcely  stand    in  greater 


Fio.  88.— SpnoMmi  i>(ir»{jlor«m.  Bchreber. 
Flower,  in  side  Tlew,  the  gnatsr  put  of  tba  cal;i  uul  ovuy  ind  the  t«o  uilerior  petali  hiving 
been  lemovcd, 

•t.  mgiua ;  a',  longei  ituneoa ',  a>,  ihoitet  ditto. 

contrast  to  each  other  than  EpiloHum  paTviflorum  and  E.  angut- 
lifoHum ;  for  the  solitary,  pale-red  Sowers  of  the  former  species  are 
easily  overlooked  even  by  the  practised  eye,  and  generally  expose 
their  honey  to  no  purpose,  receiving  insect-visits  oidy  exceptionally. 
Accordingly  self-fertilisation  is  a  regular  occurrence. 

The  honey  is  secreted  by  the  upper  surface  of  the  ovary  and 
lodged  round  the  base  of  the  style ;  it  is  sheltered  from  rain  not 
so  much  by  the  stamens  as  by  a  ring  of  hairs  projecting  inwards 
from  the  petals.     Stamens  and  stigmas  ripen  together.     The  four 
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Bhorter  stamens  are  set  apart  for  cross -fertilisation,  as  the;  stand 
below  the  etigmas  and  are  touched  without  fail  by  honey-seeking 
insects.  The  stigmas,  standing  in  the  centre  of  the  narrow  flower, 
must  be  touched  first  by  an  inscct-viaitor.  The  four  longer  stamens 
are  concerned  in  self-fertilisation,  and  stand  close  round  the  stigmas, 
which  are  provided  with  long  stigraatic  papilla  on  their  outer  as 
well  as  on  their  inner  sides.  We  must  suppose  that  in  case  of 
insect-visits  the  pollen  brought  from  without  predominates  in  its 
action  over  the  pollen  belonging  to  the  flower.  In  spite  of  frequent 
watching,  I  have  only  observed  Pieris  rapa:  and  a  Mdigelhes  sucking 
honey  on  this  plant. 

168.  Epilobium  orioanifolium,  Lam.— This  Alpine  species  is 
comparable  in  many  respects  to  E.  farviflonim.  The  flowers  are 
small,  tubular,  and  ioconspicuous ;  the  style  is  unbranched,  and 
stigmatic  papillae  form  a  uniform  covering  for  its  upper  end.  The 
stigma  is  fully  ripe  on  the  opening  of  the  flower,  the  stamens  reach 
maturity  a  little  later.  The  upper  whorl  of  stamens  performs  self- 
fertilisation  regularly,  while  the  lower  whorl  provides  for  occaalonal 
crossing.     Argynnis  Pales  was  observed  sucking  several  flowers. 

Epilobium  Mrsutum,  L. — The  flowers  of  this  species,  whose 
rosy  corolla  expands  to  a  diameter  of  25  to  30  mm.,  are,  taken 


singly,  still  more  conspicuous  than  those  of  E.  angvxtifolium  ;  but 
the  latter  is  rendered  the  moro  conspicuous  of  the  two  by  the 
aggregation  of  more  numerous  flowers.  I  have  had  no  opportunity 
of  watching  E.  hirsulum  in  the  right  places  at  the  right  time ;  but 
from  the  arrangement  of  its  flowers,  as  well  as  from  its  less  striking 
appearance,    it    is    probable   that  its    insect-visitors   are   not  so 
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numerous  as  those  of  E.  angvMifoliuni,  For  while  in  the  latter 
species  distinct  proterandrous  dichogamy  and  the  change  in  posi- 
tion of  the  reproductive  organs  have  quite  excluded  self-fertilisation, 
it  remains  possible  in  E,  hirautum.  The  stigmas  here  ripen 
simultaneously  with  the  anthers:  cross-fertilisation  is  insured  in 
case  of  insect -visits  by  the  more  prominent  position  of  the  stigmas ; 
but  in  absence  of  insects  the  stigmas  curl  backwards,  and  come  in 
contact  with  the  pollen  of  the  longer  stamens. 

EpiloHuin  alpinum,  L.,  produces  seed  by  self-fertilisation  in 
the  absence  of  insects  (Axell,  No.  17). 

A  review  of  the  foregoing  species  of  Epilobium  brings  us  to  the 
same  result  that  a  comparison  of  the  Geraniums,  Polygonums, 
Alsinece,  etc.,  leads  us  to,  and  confirms  the  view  that  no  general 
deduction  for  a  whole  genus  can  be  drawn  from  the  floral  mechanism 
of  a  single  species,  but  that  each  new  species  must  be  investigated 
afresh.  When  Delpino  (175 a)  characterised  the  genus  Epilobium 
as  dichogamic  and  fertilised  exclusively  by  bees,  this  description 
may  perhaps  have  been  true  of  some  particular  species  that  I  am 
unacquainted  with;  but  it  certainly  cannot  be  sustained  for  the 
whole  genus. 

169.  CEnothera  biennis,  L.— The  structure  of  this  flower  was 
minutely  explained  by  Sprengel.  The  flower  opens  and  is  most 
strongly  odorous  in  the  evening,  and  seems  to  have  adapted  itself  in 
this  way  to  crepuscular  and  nocturnal  Lepidoptera.  But  not  only 
is  the  pollen  exposed  to  bees  and  flies,  as  in  the  nocturnal  flowers 
hitherto  described,  but  the  honey  also  is  accessible  to  long-tongued 
bees.  The  colour  of  the  flower  is  not  white,  as  most  nocturnal 
flowers  are,  but  bright  yellow,  and  the  flower  remains  open  or 
partially  open  during  the  day ;  so  that  it  is  probably  more  correct 
to  look  upon  the  flower  as  adapted  simultaneously  for  bees  and 
nocturnal  Lepidoptera. 

Visitors :  A.  Lepidoptera — Sphinges :  (1)  Macroglossa  stellatamm,  L., 
towards  evening,  sucking  without  settling  on  the  flower.  This  species  was 
probably  observed  by  Sprengel  also  (No.  702,  p.  22 1).  B.  Hymenoptera — Apidcp  : 
(2)  Bombus  lapidarius,  L.  ?  ;  (3)  B.  silvarum,  L.  ?  ;  (4)  B.  agrorum,  F.  ? , 
all  three  sucking  ;  (5)  Apis  mellifica,  L.  § ,  s.  and  c.p. ;  (6)  Colletes  Davieseana, 
K.  9 ,  c.p.  ;  (7)  Panurgus  calcaratus,  Scop.  ?  (J ,  dusting  itself  with  the  jwllen. 
C.  Diptera — Syrphidce :  (8)  Eristalis  tenax,  L.  ;  (9)  E.  arbustorum,  L.  ;  (10) 
E.  nemorum,  L.;  all  thn^e  feeding  on  pollen,  very  abundant 

CEnothera  siniutta,  Mx. — Trelease  saw   this  flower  visited  by 
Ruby-throated  Humming-birds  (731). 
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(Enothera  tenella,  Bert.  {Oodetia  Cavanillesii,  Spach.),  in  the 
central  province  of  Chili,  produces  cleistogamic  flowers  in  spring.^ 

Fuchsia,  L.,  is  visited  in  New  Zealand  by  Nectarinidae  (Anthomis 
melanura) ;  and  in  North  America  by  Ruby-throated  Humming- 
birds (Potts,  No.  6S2A,  and  Trelease,  No.  731). 

Lopezia  coronata,  Andr. — The  floral  mechanism  of  this  plant  is 
described  and  figured  by  Hildebrand  (346).  In  each  flower  there 
is  present  one  perfect  stamen;  a  second,  standing  immediately 
below,  is  reduced  to  a  spathulate  leaf,  whose  two  halves  fold 
upwards,  and  in  the  first  stage,  projecting  horizontally  from  the 
flower,  inclose  the  anther  of  the  perfect  stamen.  The  stalk  of  the 
spathulate  leaf  has  an  elastic  tension  downwards,  the  filament  of 
the  stamen  an  elastic  tension  upwards  ;  so  when  an  insect  alights 
on  the  projecting  spoon-shaped  blade,  as  the  only  convenient  spot 
from  which  to  reach  two  drops  of  honey  that  seem  to  rest  upon  a 
knee-shaped  bend  in  the  upper  petals,  the  leaf  springs  downwards, 
and  the  stamen  is  set  free  and  flies  upwards,  dusting  the  lower 
surface  of  the  insect  with  pollen.  When  the  stamen  has  thus  served 
its  purpose,  it  gradually  curves  upwards  out  of  the  flower ;  and  the 
style  which  was  hitherto  undeveloped  grows  gradually  out  of  the 
flower  in  a  horizontal  direction,  so  as  to  form  another  alighting- 
place.  Self-fertilisation  is  rendered  impossible  by  this  marked 
proterandry.  I  have  frequently  seem  the  whole  process  performed 
in  my  room  by  the  house-fly  (Musca  domcstica,  L.),  and  by  the 
common  gnat  {Cukx  ptjnens,  L.) ;  and  also  at  an  open  window  by 
the  hive-bee. 

What  seem  to  be  drops  of  honey  on  the  two  upper  petals  are 
in  reality  dry,  shining  bodies  which  deceive  the  flies  as  well  as  us. 
Lopezia  coronata  is  therefore  a  deceptive  flower  like  Pamassia ; 
but  like  the  latter,  also,  it  possesses  real  nectaries  in  addition, — 
two  yellow  pits  at  the  base  of  the  two  stamens,  the  functional  and 
the  abortive  (Delpino,  No.  178). 

Lopezia  racemosa,  Cav.,  seems,  from  Ogle's  description  (No. 
631),  to  agree  fully  in  the  structure  of  its  flower  with  L.  coronaia. 

I^opezia  miniata,  D.C.,  is  likewise  markedly  proterandrous ; 
but  its  stamen  is  not  irritable,  and  does  not  lie  inclosed  by  the 
spoon-shaped  staminode,  but  stands  above  it  (Hildebrand,  No.  356). 

170.  CiRCiEA  LUTETIAN  A,  L. — This  plant  is  fertilised  much  in 
the  same  way  as    Veronica  Chamcedrys,  L.,  in  spite  of  the  small 

J  Philippi,  Bot.  ZeU,  1870,  pp.  104-106. 
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affinity  between  them.  Two  stamens  and  the  single  style  project, 
diverging  from  one  another,  from  the  middle  of  the  erect  corolla ; 
they  form  the  platform  on  which  an  insect  must  stand  to  reach 
the  honey,  which  is  secreted  by  a  fleshy  ring  surrounding  the  base 
of  the  style  and  is  lodged  in  great  abundance  in  the  base  of  the 
flower.  Since  the  style  stands  a  little  lower  than  the  two  stamens 
and  projects  a  little  further  forward,  it  forms  the  most  convenient 
alighting-place,  and  is  that  most  usually  selected.  When  an 
insect  settles  on  it,  it  touches  with  its  ventral  surface  the  stigmatic 
knob  at  the  end.     As  it  stretches  forward,  and  grasps  with  its 


Fio.  88.—CirecBa  luUtiatia,  L. 

Flower  viewed  obliquely  ftrom  above. 

a,  ovary. 

b,  the  two  sepals. 

e,  the  two  bilobed  petals,  alternating  with  the  sepals. 

d,  the  two  anthers. 

e,  stigma. 

forefeet  the  bases  of  the  two  stamens,  which  are  the  only  available 
supports,  it  involuntarily  draws  the  stamens  (which  are  very  thin 
at  their  base,  and  therefore  easily  moved)  inwards  and  downwards, 
so  that  the  anthers  dust  the  under  surface  of  its  body  with  pollen. 
Though  this  is  apparently  the  simplest  course  which  an  insect 
can  take,  and  that  which  most  surely  leads  to  cross-fertilisation,  it 
is  not  the  only  one.  The  insect  not  unfrequently  alights  upon 
one  of  the  stamens,  and  as  this  bends  downwards  it  grasps  the  base 
of  the  same  stamen  and  of  the  style  with  its  forefeet.  If  the  style 
now  brings  its  stigma  in  contact  with  the  ventral  surface  of  the 
insect,  as  is  usually,  but  not  always,  the  case,  it  touches  the  side 
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opposite  to  that  which  the  anther  touches  at  the  same  time  ;  and 
so  cross-fertilisation  may  result  if  the  insect  has  come  from  another 
flower. 

In  absence  of  insects,  the  flowers  mostly  wither  without  self- 
fertilisation  taking  place,  as  I  have  observed  in  specimens  in  my 
room.  I  have  found  a  few  flowers  in  which  the  stigma,  instead  of 
being  directed  obliquely  downwards  between  the  two  stamens,  was 
in  contact  with  one  of  them  from  the  beginning. 

The  only  visitors  that  I  have  seen  are  small  flies  which  behaved  in  the 
manner  described.  I  have  collected  (a)  Syrphidce :  (1)  Baccha  elongata,  F.  ; 
(2)  Ascia  podagrica,  F.  ;  (3)  Melanostoma  mellina,  L. ;  (b)  Muscidoi :  (4) 
Anthomyia  sp.,  with  yellow  abdomen.  Several  other  small  MuscidsB  and 
Syrphidaj  escaped  me. 

On  a  bunch  of  Circaea  lutetiana  which  I  kept  in  a  glass  of  water  in  my  roomy 
I  found  a  great  number  of  house-flies :  (5)  Musca  domestica,  L.,  sucking  honey 
and  fertilising  the  flowers. 


Ord.  LOASEM 

Cajophora  IcUeritia  is  distinctly  proterandrous,  according  to 
Delpino.  In  the  first  period  the  anthers,  which  lie  in  five  bundles 
in  the  hollow  and  outspread  petals,  rise  up  one  by  one,  bend 
inwards  towards  the  middle  of  the  flower,  and  pass  back  into  their 
old  position  after  giving  up  their  pollen  to  insects.  With  these  five 
bundles  there  alternate  five  groups  each  containing  five  metamor- 
phosed stamens ;  in  each  of  these  latter  groups  the  three  outermost 
staminodes  cohere  and  form  in  their  expanded  base  a  honey-recep- 
tacle, while  the  two  inner  ones  incline  as  stiff  rods  towards  the 
middle  of  the  flower,  and  their  bases,  expanded  and  fringed  with 
hairs,  give  shelter  to  the  honey.  After  the  anthers  have  all  withered, 
the  pistil  grows  up  and  unfolds  its  stigma. 

In  the  first  period  the  insects  cling  to  the  central  tuft  of 
stamens ;  in  the  second,  to  the  stiff  metamorphosed  protective 
staminodes.  The  fertilisers  seem  to  be  bees,  according  to  Delpino 
(177).  This  is  in  direct  contradiction  to  Treviranus'  view,  that  the 
flowers  of  Cajophora  are  self-fertilising  (742). 

Ord.  PASSIFLOREjE. 

Passiflora  ccerulea,  L.,  was  thoroughly  described  by  Sprengel, 
who  recognised  it  as  a  proterandrous  form  in  which  the  anthers  in 
the  first  stage,  and  stigma  in  the  second,  came  in  contact  with  the 
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back  of  the  insect-visitor.  Delpino  has  observed  humble-beed  and 
Xylocopa  violacea  accomplishing  cross-fertilisation  in  this  manner. 
(172). 

In  Passijlora  racemosa,  Brot.  (P.  pt'inceps,  Lodd.),  the  tube  is 
divided  by  rings  of  bail's  into  three  chambers,  the  lowest  of  which 
contains  the  honey.  From  the  size  of  the  flowers,  and  their  rich 
store  of  honey,  Delpino  imagines  that  humming-birds  are  the 
fertilisers ;  and  he  supposes  that  the  triple  fence  serves  to  keep 
away  less  intelligent  visitors  (178). 

My  brother  Fritz  Miiller  has  observed  in  his  garden  at  Itajahy 
that  some  Passiflorae  are  fertilised  exclusively  or  chiefly  by  hum- 
ming-birds ;  but  he  is  convinced  that  abundance  of  honey  is  no 
proof  of  the  flower  being  visited  by  humming-birds,  ;for  one 
species  in  his  garden,  which  is  very  diligently  visited  by  them, 
contains  no  honey  and  is  odourless,  while  another  smaller  white 
species  flowering  in  Itajahy,  in  spite  of  great  abundance  of  honey 
and  a  pleasant  scent,  is  never  visited  by  humming-birds.  The 
numerous  coronae,  projecting  ledges,  etc.,  seem  to  him  to  be  of 
service  in  detaining  small  insects  in  the  lowest  chamber  (which 
often  contains  no  honey)  and  keeping  them  caged  for  the  hum- 
ming-birds, rather  than  in  making  access  to  the  chamber  difficult 
for  unprofitable  visitors  of  low  intelligence. 

Ord.  CUCURBITACEuE, 

171.  Bryonia  dioica,  L. — The  lower  part  of  the  calyx  and 
corolla,  both  in  the  male  flowers  and  in  the  female  flowers  (which 
are  only  half  as  large)  is  adherent  to  a  hemispherical  cup-shaped 
disk,  whose  naked,  fleshy  floor  secretes  honey.  In  the  male  flower 
five  irregularly  formed  fleshy  stamens  arise  on  the  edge  of  this  cup, 
and  are  so  expanded  and  inclined  inwards  that  they  completely 
roof  in  the  cup.  Four  of  the  anthers  cohere,  to  form  two  pairs ; 
the  fifth  is  free  on  both  sides.  Thus  the  honey-holding  cup  has 
three  narrow  lateral  entrances  each  placed  between  two  stamens 
and  fringed  with  long  hairs ;  and  also  an  entrance  from  above  in  the 
midst  of  the  upper  ends  of  the  stamens.  The  anthers  form  narrow 
ridges  on  the  broad  stamens,  and  the  long,  narrow  slits  by 
which  they  dehisce  are  so  bent  that  the  greater  part  of  each 
faces  one  of  the  lateral  openings,  while  the  uppermost  portion 
looks  directly  upwards.  A  houey-seeking  insect  alighting  in  the 
middle  of  the  flower  may  thrust  its  proboscis  down  in  the  midst  of 
all  the  stamens,  or  approaching  from  the  side  it  may  reach  the 
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hone;  through  one  of  the  lateral  entrances  ;  in  either  case  it  gets 
dusted  with  pollen, — in  the  former  case  on  the  lower  surface  of 
its  body,  in  the  latter  on  both  sides  of  its  head.  The  pollen  seems 
to  be  rendered  adherent  by  the  sticky  contents  of  the  colourless 
spheres  (A,  4)  which  border  the  narrow  strips  of  pollen;  they  must 
come  in  contact  with  the  head  or  ventral  surface  of  the  insect  just 
as  the  pollen  itself  does. 

In  the  female  flowers  the  pistil  rises  up  from  the  middle  of 
the  cup,  and  splits  into  three  divergent  branches,  broad  at  the 
ends,  lobed,  and  set  with  projecting  points.  These  touch  the  head 
or  ventral  surface  of  an  insect-visitor  with  their  papillse  and  retain 
the  pollen  that  may  be  brought.     As  the  male  flowers  are  twice 


1,  flliUDCDt;  p,  pollen 


as  lai^  as  the  female,  they  are  generally  the  first  to  be  noticed  and 
visited. 

To  push  the  head  between  closely  approximated  parts  of  a 
flower  is  a  characteristic  action  among  wasps  and  bees,  which 
acquire  the  habit  in  constructing  the  chambers  for  their  young. 
The  honey  is  easily  accessible  to  the  thin  proboscis  of  a  butterfly, 
and  the  pollen  of  the  male  flowers  is  available  to  flies  and  beetles ; 
but  the  latter  can  have  no  part  in  the  process  of  fertilisation  since 
they  confine  their  visits  to  male  flowers. 

Visitora :  A.  Hymenopteni— (a)  ApitJtr :  (I)  Andrena  florea,  F.  9  <J  (A. 
rubricata,  Sm.),  by  far  the  moat  abundant  visitor  of  this  plant,  g.  and  cp.  ;  it 
wema  to  restrict  itself  exclusively  to  this  plant ;  (2)  A.  nigroaenea,  K.,  freq.,  a 
and  cp. ;  (3}  A.  fulvicms,  E.  (J,  b.  ;  (4)  Halictiu  *exBtrigatua,  Scbenck,  $, 


270  THE  FERTILISATION  OF  FLOWERS.        [part  in. 

c.p.  only  ;  (5)  H.  sexnotatus,  K.  $ ,  c.p.  only ;  (6)  Coelioxys  simplex,  Nyl. 
9,8.;  (7)  Apis  mellifica,  L.  9  >  ^.p*  >  (^)  Sphegidce :  (8)  Gorytes  mystaceus, 
L.,  freq.,  s. ;  (9)  Ammophila  sabulosa,  L.,  freq.,  s. ;  (c)  Vespidce :  (10)  Eumenes 
pomiformis,  L.  (J  ;  (11)  Odynerus  parietum,  L.  ? ,  both  sucking.  B.  Coleoptera 
— Afalacodermata :  (12)  Dasytes  sp.,  only  on  the  male  flowers,  f.p.  C.  Lepi- 
doptera — Rhopahcera :  (13)  Pieris  napi,  L.,  s.     See  also  No.  590, 11. 

The  flowers  of  a  species  of  Trianosperma  in  South  Brazil  are 
visited,  according  to  Fritz  Miiller,  very  abundantly  all  day  long  by 
Apis  mellifica  and  species  of  Melipona,  although  they  are  scentless, 
greenish,  quite  inconspicuous,  and  to  a  great  extent  hidden  by 
foliage  (597). 

Obd.  UMBELLIFERJU. 

The  general  phenomena  of  pollination  in  Umbelliferae  have 
been  already  so  clearly  and  thoroughly  described  by  Sprengel,  that 
I  may  confine  myself  to  a  short  account  of  the  most  important 
peculiarities.  The  main  features  of  the  flowers  are :  firstly,  the 
open  situation  of  the  honey,  making  it  accessible  to  even  the  most 
short-lipped  insects ;  and  secondly,  the  union  of  many  flowers  in 
one  head,  making  them  not  only  more  conspicuous,  but  also  per- 
mitting them  to  be  more  quickly  searched  and  fertilised.  Comics 
shares  both  of  these  characters  with  the  Umbelliferae,  but  in  a 
much  less  perfect  form. 

In  most  Umbellifers  the  honey  is  rendered  even  more  accessible 
than  in  Comus,  by  the  secreting  disk  being  more  convex  and 
cushion-shaped,  and  by  the  stamens  spreading  further  apart.  The 
close  association  of  many  flowers  is  more  perfectly  attained  in 
Umbelliferae  than  in  Corntts^  far  iliore  numerous  flowers  uniting  in 
one  close-set  surface,  so  that  a  visitor  quickly  traverses  the  whole  ; 
and  the  florets  are  differentiated  in  the  service  of  the  community, 
those  in  the  centre  being  condensed,  and  those  towards  the  edges 
more  expanded,  rendering  the  whole  more  conspicuous. 

As  a  further  advantage  comes  proterandrous  dichogamy,  often 
developed  to  such  a  degree  that  all  the  florets  of  one  whole  in- 
florescence only  protrude  their  styles  and  develop  stigmas  after 
the  shedding  of  the  pollen  :  so  that  in  the  first  period  of  flowering 
a  whole  community  dusts  with  pollen  the  insects  that  visit  it,  and 
in  the  second,  exposes  its  stigmas  to  be  dusted  in  return.  So  cross- 
fertilisation  of  separate  inflorescences  always  takes  place,  and  the 
impossibility  of  self-fertilisation  is  still  further  assured.  Hence  it 
happens  that  in  many  Umbellifers  (e.g.  Myrrhis)  towards  the  end 
of  the  season  only  male  flowers  are  produced,  which  furnish  pollen 
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iwers,  now  in  their  second  or 


for  the  last  of  the  androgym 
female  stage. 

Hydrocotyle  americana  is  visited  in  Kew  by  minute  fliea 
(Henslow,  330). 

Hydrocotyle  vulgaris,  L. — The  exceedingly  inconspicuous  flowers 
fertilise  themselves.  I  have  not  yet  seen  them  visited  by  insecU 
(S9°.  ■•)• 

172.  Erynoium  campestre,  L.  (Thuringia). — As  in  all  other 
Umhellifers,  the  upper  surface  of  the  ovary  secretes  and  lodges  the 


Id  Dnt  (mile)  ■latie. 

'  (ff  mall)  Um^. 
— 1  J  lepiia,  peuli,  Mid  itj-lM. 


3— mto,  iftei 

I  — PeUl.  KtB  rrom  within. 

(Itttera  u  in  Hg.  fll). 


honey :  hut  the  honey-gland  here  does  not  form,  as  usual,  a  swollen 
cushion  covering  the  whole  surface  of  the  ovary,  but  a  hollow 
rounded  disk  five-sided  in  outline,  and  surrounded  by  a  ten  lobed 
rough  wall  of  tiny  (accumbent)  bristles.  The  five  equal-sized 
petals  stand  stiff  and  upright,  with  nearly  the  whole  of  their  upper 
halves  folded  inwards :  they  stand  about  3  mm.  high,  and  are 
overtopped  by  the  stiff,  bristle-like  sepals  which  alternate  with 
them  :  the  equally  stiff  and  hristle-like  bracts  protrude  still  further. 
So  the  honey  is  accessible  only  to  insects  which  have  a  proboscis  at 
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leaat  3  mm.  long,  or  are  strong  enough  to  push  apart  the  floral 
organs  which  protect  it.  Accordingly,  in  connection  with  the  fully 
developed  proterandry,  cross-fertilisation  alone,  as  in  all  other 
Umbellifers,  can  take  place.  Eryngium  shares  only  slightly  in  that 
special  advantage  which  Umbellifers  in  general  possess  from  having 
their  flowers  massed  together  in  one  surface,  for  the  bristle-like 
bracts  render  it  difficult  for  the  insects  to  go  creeping  about 
the  umbel.  This  disadvantage  is  somewhat  atoned  for  by  the 
richer  secretion  and  better  protection  of  the  honey.  Hence,  in  spite 
of  the  prickly  flowers,  insect-visits  are  by  no  means  scarce,  but  in 
sunny  weather  we  see  the' plant  abundantly  visited  by  wasps  and 
flies,  bees  coming  in  much  smaller  numbers.  I  have  observed  as 
visitors  and  fertilisers  : — 

A.  Hymenoptera — (a)  Spliegidve :  (1)  Cerceris  albofasciiita,  Dlb.,  Bcarce  ; 
(2)  C.  labiata,  F.,  ab. ;  (3)  G.  nasuta,  KL,  ab.  ;  (4)  C.  variabilis,  Schr.,  not  rare  ; 
(5)  Philanthus  triangulum,  F.  ;  (6)  Ammophila  sabtilosa,  L.,  ab.  ;  (7)  Tiphiu 
femorata,  F. ;  (8)  Priocnemis  bipunctatus,  F.  $  ;  (6)  Vespida :  (9)  Odynerus 
parietum,  L.  ?  ;  (10)  Polistes  gallica,  L.,  and  var.  diadema,  very  ab.,  almost 
always  to  be  found  in  sunny  weather;  (c)  Chrysidce:  (11)  Chrysis  sp.,  all 
sucking ;  (rf)  Apidce :  (12)  Nomada  Roberjeotiana,  Pz.  ?  ;  (13)  Andrena 
Rostc,  Pz.  ?  ;  (14)  Halictus  cylindricus,  F.  $  ;  (15)  H.  longulus,  Sm.  <J ;  (16) 
Apis  mellifica,  L.  9;  all  only  sucking.  B.  Diptera~(a)  SyrphidcB:  (17) 
Eristalis  tenax,  L.  ;  (18)  E.  arbustorum,  L. ;  (19)  E.  nemorum,  L.  ;  (20)  Helo- 
philus  floreufl,  L. ;  all  four  abundant ;  (ft)  Afuscidcd :  (21)  Lucilia  Ca?8ar,  L.  ; 
(22)  Sarcophaga  camaria,  L. ;  (23)  Ecliinoniyia  fera,  L. ;  (24)  species  of 
Anthomyia,  all  sucking. 

173.  AsTRANTiA  MAJOR,  L. — In  Astrantia  major,  the  special 
advantages  which  most  of  the  other  forms  develop  so  fully,  and 
resemble  each  other  so  much  in,  are  very  little  developed. 

The  umbels  are  simple,  their  florets  form  no  close-packed 
surface,  the  petals  remain  rolled  up  in  the  middle  of  the  flower, 
and  while  they  thus  protect  the  honey  from  rain,  they  make  it 
less  accessible  and  the  flowers  less  conspicuous.  Although  the  last 
objection  is  to  some  extent  removed  by  the  bright  white  bracts, 
insect-visits  are  less  abundant  than  to  most  other  forms  of  this 
order.     I  have  noted  the  following  in  my  garden  at  Lippstadt : — 

A.  Hymenoptera — Apida :  (1)  Andrena  albicrus,  K.  (J ;  (2)  Prosopis 
signata,  Pz.  (J;  (3)  Pr.  armillata,  Nyl.  (J,  all  three  sucking.  B.  Diptera — 
(a)  SyrphidcB :  (4)  Eristalis  arbustorum,  L.,  f.p.  and  l.h.  ;  (6)  Muscida :  (5) 
Lucilia  comicina,  F.,  l.h. ;  (6)  Miltogramma  punctata,  Mgn.  C.  Coleoptera — 
Dermestida :  (7)  Anthrenus  pimpinellae,  F.  On  the  Alps  I  have  found  the 
plant  visited  by  seven  species  of  Coleoptera,  three  Diptera,  two  Hymenoptera, 
and  one  butterfly  (609). 
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Every  iQHorescence  bears,  besides  the  proterandrous,  androgynous 
flowers,  numerous  male  flowers  which  mostly  develop  later,  and 
are  of  obvious  service  in  this  marked  case  of  proterandry  in 
fertilising  the  last  of  the  androgynous  flowers. 

Astrantia  minor,  L.,isbothaiidromonc8ciou8  and  androdicecious. 
The  plant  bears  aa  a  rule  only  one  umbei,  which  usually  consists 
of  male  flowers  surrounded  by  hermaphrodite  flowers ;  the  weaker 
plants  usually  bear  an  umbel  consisting  only  of  male  flowers. 
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In  regard  to  the  distribution  of  the  sexes,  the  condition  in 
Astnintia  minor  is  almost  the  same  aa  in  Verairum  album,  with 
this  exception,  that  in  Astrantia  minor  no  plants  occur  bearing 
only  hermaphrodite  flowers.  Veralrinn  album  exhibits  the  pas- 
sage from  proterandrous  androgyny  through  andromonceciam  to 
androdicecism ;  Astrantia  miwo)-,  with  similarly  proterandrous  herm- 
aphrodite flowers,  shows  only  the  passage  from  andromonoecisni 
to  androdicecism  (609). 
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Sanieula  cvroptca,  L.,  is  andromonoecious.  Each  umbel  contains 
one  to  three  proterandrous  hermaphrodite  Bowers,  suirouDded  bjr 
ten  to  twenty  male  flowers  which  develop  later.  Both  kinds 
resemble  those  of  Astrantia  major  in  structure  (590, 1.). 

174.  CoNiUM  MACULATUM,  L. — The  adjoining  figures  serve  to 
illustrate  a  peculiarity  of  the  Umballifers  not  well  displayed  in  the 
other  figures,  namely  the  very  slow  and  gradual  development  of 
the  flowers,  at  first  wholly  male,  and  later  wholly  female. 

Fig.  1  represents  a  flower  beginning  to  expand,  but  still  far 
below  its  full  size.  The  anther  a^  has  dehisced  and  is  covered  with 
pollen ;  a*  is  on  the  point  of  dehiscence ;  the  other  three  are  not 
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yet  ripe ;  «*  is  more  advanced  tlian  a* ;  and  n',  tlie  most  backward, 
is  still  curled  inwards  :  no  trace  of  styles  is  yet  to  be  seen.  Each 
anther  stands  at  a  distance  of  two- fifths  of  the  circumference  from  th^; 
preceding  one.  The  second  figure  shows  a  slightly  older  and  full- 
sized  flower,  in  the  middle  of  its  male  period.  The  anther  «'  is 
empty  and  withered;  a^  is  half  shrivelled  and  has  still  a  slight 
dusting  of  pollen;  a?  has  just  dehisced  and  is  fully  coated  with 
pollen;  a*  is  on  the  point  of  dehiscing, — it  opened  while  the 
drawing  was  being  made ;  a^  Is  still  closed.  The  styles  are  stiU 
short  and  bent  inwards  with  undeveloped  stigmas.  Lastly,  the 
third  figure  shows  a  flower  in  its  second  st^e :  the  anthers 
have  fallen  off ;  the  styles  have  raised  themselves  erect ;  a 
stigmatic  knob  has  been  developed  on  the  end  of  each  style. 

Even  this  notoriously  poisonous  plant  receives  abundance  of 
insect-visitors  who  greedily  lick  up  its  honey. 
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Viflitore:  A.  Diptera— (a)  Stratiomyidce :  (1)  Sargua  cuprariiw,  L.  ;  (6) 
MuKidcB :  (2)  Calliphora  vomitoria,  L. ;  (3)  Lucilia  cornicina,  F.  ;  (4)  Scato- 
phaga  stercoraria,  L. ;  (5)  Sepsis  ap.  B.  Coleoptera— (a)  Nitidulido' :  (6) 
Meligethes,  ab.  ;  (6)  Dermesiidoi :  (7)  Anthreims  pimpinell(c,  F.  ;  (c)  LamelH- 
cornia:  (8)  Trichius  fasciatus,  L.  C.  Hymenoptera— (a)  TeiUhredimf/(e :  (9) 
Nematus  vittatns,  L.  ;  (10)  Several  undetermined  species  of  Tenthredo  ;  (b) 
Ichneumonida :  (11)  Various  species;  (r)  Sphegida :  (12)  Ponipilus  trivialis, 
Kl.  9  ;  (d)  Apida:  (13)  Andrena  lepida,  Schenck,  (J.     See  also  No.  590,  I. 

175.  BuPLEURUM  FALCATUM,  L.  (Tliuringia). — I  have  fouad 
the  dull-yellow  flowers  visiteil  only  by  flies  and  Hymenoptera. 

Visitors :  A.  Diptera— (a)  SyrphUlw :  (1)  Syritta  pipiens,  L.,  very  ab.,  s. 
and  f.p.  ;  (2)  Eristalis  arbustonuu,  L.,  s. ;  (3)  Pipi^ella  annulata,  Macq.,  s.  ; 
{h)  Bombyl'idcR :  (4)  Anthrax  flava,  Hffsgg.^s.  B.  Hymenoptera— (a)  Ten- 
thredimda :  (5)  Hylotoma  rosarum,  F.,  s.  ;  (6)  VeMpida :  (6)  Polistes  gallica, 
L.,and  var.  diadema,  s.  ;  (r)  Ichneumonidce :  (7)  Various  species,  s.  ;  {d)  Apidce  : 
(8)  Halictus  interrupt  us,  Pz.  (J,  s.     See  also  No.  590,  i. 

176.  Carum  (Pktroselinum)  sativum,  L.— The  visitors  are 
chiefly  flies. 

A.  Diptera— (a)  Si/r2)hidw :  (1)  Eristalis  arbustonim,  L.  ;  (2)  E.  sepulcralis, 
L.  ;  (3)  Helophilus  floreus,  L.  ;  (4)  Syritta  pipiens,  L.  ;  (5)  Xanthogramma 
oitroftisciata,  Deg.  ;  (b)  MuHcida' :  (6)  Lucilia  coniicina,  F.  ;  (7)  C3rrtoneura 
simplex,  Loew  (determined  by  Heir  Winnertz)  ;  (8)  Sarcophaga  carnaria,  L. 
B.  Hymenoptera — Apuht- :  (9)  SpbeccMles  gibbus,  L.  cJ,s.     See  also  No.  590, 1. 

177.  C.^RUM  TAUUi,  L. : — 

Visitors  :  A.  Diptera — (a)  Stratiomyidce  :  (1)  Stmtiomys  longicomis,  F.  ;  (2) 
Chrysnmyiafonnosa,  Scop.  ;  [b)  Syrph'\d(r  :  (3)  Chrysotoxum  festivum,  L.  ;  (4) 
Pipizella  virens,  F.  ;  (5)  Melanostoma  mellina,  L.  ;  (6)  PjTopliwna  sp.,  s.  ;  (7) 
Syrphus  ribesii,  L.,  s.  ;  (8)  Platycheirus  peltatus,  Mgn.  ;  (9)  Melithreptus 
Iwniatus,  Mgn. ;  (10)  Eristalis  arbustonim,  L. ;  (11)  E.  horticola,  Deg.  ;  (12) 

E.  ajneus,  Scop.  ;  (13)  Helophilus  floreus,  L.,  veryab.  ;  (14)  H.  pendulus,  L. ; 
(15)  Syritta  pipiens,  L.  ;  (r)  Mu8cid(v  :  (16)  Gymnosoma  rotundata,  L. ;  (17) 
Echinomyia  fenv,  L.  ;  (18)  Zophompa  tremula,  Scop.  ;  (19)  Sarcophaga 
camariii,  L.,  and  albiceps,  Mgn.  ;  {d)  Bibionida' :  (20)  Bibio  hortulanus,  F. ; 
(e)  Tipulidw:  (21)  Tipula,  l.h.  B.  Coleoptera— (a)  Curculionidtt :  (22) 
Bruchus,  fre<i.  ;  (23)  Phyllobius  oblongus,  L.  ;  (b)  Malacodermata  :  (24)  An- 
th()Comus  fasciatus,  L.  ;  (25)  Telephorus  rusticus,  L.  ;  (c)  Chrysomelidof :  (26) 
Crioceris  12punctata,  L.  C.  Hymenoptera — (a)  Tenthredinidw  :  (27)  Hylo- 
toma femoralis,  Kl.  ;  (28)  H.  rosarum,  F.  ;  (29)  H.  ccDmlescens,  F.  ;  (30)  H. 
enodis,  L.  ;  (31)  Selandria  serva,  L.  ;  (32)  Athalia  spinarum,  F.  ;  (33)  Ten- 
thredo tricincta,  F.  ;  (34)  T.  bifasciata,  L.,  etc.  ;  (35)  Dolerus  eglanteria),  F.  ; 
(36)  Cimbex  sericea,  L. ;  (37)  Cephus  troglodytes,  L.  ;  (b)  Ichnetimonidai : 
(38)  Numerous  species  ;  (c)  Sphegidw  :  (39)  Cemonus  unicolor,  F.,  freq.  ;  (40) 
Cion'tes  campestris,  L.  cJ ;  (41)  Crabro  lapidarius,  Pz.  $  ;  (42)  Cr.  plerotus, 

F.  (J ;  (43)    CY  vagabundus,  Pz.    ?  ;  {d)  Apida :  (44)  Prosopis  brevicorniB, 

T   2 
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NyL  cJ;  (45)  P.  communis,  Nyl.  ^;  (46)  Halictus  maculatus,  Smith,  9,  b.i 
freq.  ;  (47)  H.  sexnotetus,  K.  § ,  c.p. ;  (48)  H.  albipes,  F.  ? ,  c.p.  ;  (49)  An- 
(Irena  nigroaenea,  K.  ?,  s.  ;  (50)  A.  albicans,  K.  ?  <J,  s. ;  (51)  A.  parviila,  K., 
B.  and  c.p.  ;  (52)  A.  fulvicrus,  K.  ? ,  s. ;  (53)  A.  nana,  K.  ^ ,  s.,  and  A.  minutula, 
K.  ?,  s.  D.  Lepidoptera— riiMfu/oj:  (54)  Adela,  s.  E.  Neuroptera— (55) 
Sialis  lutaria,  L.     See  also  No.  590,  i.,  and  No.  609. 

178.  SlUM  LATIFOLIUM,   L.  :— 

A.  Diptera — (a)  Empidcd :  (1)  Empis  sp.  ;  (6)  DolichopidcR  :  (2)  Dolichopus 
senens,  Deg.  ;  (c)  Syrphida:  (3)  Syrphus  ribesii,  L.  ;  (4)  Eristalis  nemorum, 
L. ;  (5)  E.  arbnstomm,  L. ;  (6)  E.  aeneus,  Scop.  ;  (7)  Syritta  pipiens,  L.  ;  (8) 
Helophilus  Aureus,  L. ;  (cF)  Muscidcs :  (9)  Mesembrina  meridiana,  L.,  s.  ;  (10; 
Lucilia  silvanim,  Mgn. ;  (11)  L.  Caesar,  L.  ;  (12)  L.  comicina,  F. ;  (13)  Muscu 
corvina,  F.  ;  (14)  Aricia  incana,  Wied.,  freq. ;  (15)  Cyrtoneura  simplex,  Loew  ; 
(16)  Calliphora  vomitoria,  F.  ;  (17)  Ocyptera  brassicaria,  F.  ;  (18)  Tetanoceni 
ferniginea,  Fallen  ;  (19)  Sepsis  sp.  ;  (e)  Stratiomyidce :  (20)  Stratiomys  riparia, 
Mgn.  B.  Coleoptera — (a)  Mordellidce :  (21)  Mordellafat>ciata,  F.  ;  {h)  Mala- 
codermata :  (22)  Telephorus  melanurus,  L.  ;  (c)  LamelUcornia :  (23)  TrichiuM 
fasciatus,  L.  C.  Hymenoptera — (a)  Tenthredinidce  :  (24)  Selandria  serva,  F.  ; 
(25)  Athalia  rosae,  L.  ;  (26)  Tenthredo  notha,  Kl.  ;  (b)  IchneumonidtF :  (27) 
Numerous  species ;  (r)  Spheyida: :  (28)  Crabro  dives,  H.  Sch.  (J  ;  (29)  C. 
lapidarius,  Pz.  ^J?,  freq.;  (30)  C.  pterotus,  F.  (J;  (31)  C.  vagus,  L.  <^ . 
D.  Hemiptera — (32)   A  small  species  of  Anthocoridit. 

179.  iEGOPODiUM  PoDAGRARiA,  L.— The  flowers  of  this 
coramon  weed  are  the  resort  of  very  numerous  insects  of  various 
orders.     I  have  found  upon  them  : — 

A.  Diptera — («)  Stratiomyidit :  (1)  Stratiomys  Cbamoeleon,  Deg.  ;  (2)  Sargus 
cuprarius,  L.  ;  (3)  Chrysomyia  formosa,  Scop.  ;  (/>)  Bomhyl'idce :  (4)  Anthrax 
flava,  Mgn.  (Thur.)  ;  (c)  Empidoi :  (5)  Empis  livida,  L.  ;  (6)  E.  punctata,  F.  ; 
(d)  Therevidm :  (7)  Thereva  anilis,  L.  ;  {e)  DoUchopidiE :  (8)  Gymnoptemn^* 
chaerophylli,  Mgn. ;  (/)  Syrphidce :  (9)  Pipizella  virens,  F.  ;  (10)  Chrysogaster 
viduata,  F.  ;  (11)  Cli.  coemeteriorum,  L.  ;  (12)  Ch.  chalybeata,  Mgn.  ;  (13) 
Syrphus  pyrastri,  L.  ;  (14)  S.  ribesii,  L.  ;  (15)  S.  nitidicoUis,  Mgn.  ;  (16) 
Melithreptufl  taeniatus,  Mgn.  ;  (17)  Vohicella  pellucens,  L.  (Tekl.  B.)  ;  (18) 
Eristalis  arbustorum,  L.  ;  (19)  E.  nemorum,  L.  ;  (20)  Helophilus  floreus,  L., 
ab.  ;  (21)  Syritta  pipiens,  L.,  freq.  ;  (g)  Muscidce  :  (22)  Echinomyia  fera,  L.  ; 
(23)  Zophomyiatremula,Scop.  ;  (24)  Sarcophaga  albicans,  Mgn.  ;  (25)  Lucilia 
comicina,  F.  ;  (26)  L.  silvanim,  Mgn.,  etc.  ;  (27)  Musca  corvina,  F.  ;  (28)  Aricia 
obscurata,  Mgn.  ;  (29)  Species  of  Anthomyia  ;  (30)  Scatophaga  stercoraria,  L.  ; 
(31)  S.  merdaria,  F.  ;  (32)  Sepsis,  ab.  ;  (h)  Tipulidce :  (33)  Pachyrrhina 
histrio,  F.  ;  (34)  P.  crocata,  L.  B.  Coleoptera— (a)  NUidtdidiP :  (35)  Cych- 
ramusluteus,  F.  (Tekl.  B.)  ;  (6)  Dermestidm :  (36)  Anthrenus  pimpinella?,  F. ; 
(c)  Lamellicomia :  (37)  Phyllopertha  horticola,  L. ;  (38)  Cetonia  aurata,  L.  ; 
(39)  Trichius  fasciatus,  L.  ;  {d)  Elateridce :  (40)  Agriotes  aterriinus,  L.  ;  (41) 
Lacon  murinus,  L.  ;  (42)  Athous  niger,  L.  ;  {e)  Malacodermata :  (43)  Tele- 
phorus fuscus,  L.  ;  (44)  Malachius  bipustulatus,  F.  ;  (45)  Dasy  tes  flavipes,  F.  ; 
(46)  Trichodes  apiarius,  L.  ;   (/)    Cisfelidcg :   (47)    Cistela   murina,  L.  ;   (jy) 
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Mordeirul(r .  (48)  Anaspis  nifilubris,  Gylh.  ;  (49)  A.  frontalis,  L. ;  (50) 
Mordclla  fasciata,  F.  ;  (51)  M.  aculeata,  L.,  very  ab.  ;  (h)  CurculionidoB :  (52) 
Speriuophaji;u8  cardui,  Schli.  ;  (i)  Ceranibi/cidie :  (53)  Pachyta  octomaciilata, 
F.  (TekL  B.)  ;  (54)  Leptura  livida,  F.  ;  (55)  Grammoptera  rulicornis,  Pz. 
C.  Hymenoptera — (a)  Tenthrediuldce :  (56)  Hylotoma  femoralis,  Kl. ;  (57) 
H.  rosanim,  F.  ;  (58)  H.  ustulata,  L.  ;  (59)  H.  vulgaris,  Kl.  ;  (60)  Selandria 
serva,  F.,  ab.  ;  (61)  Tenthredo  bifaseiata,  L.  ;  (62)  T.  flavicornis,  L.  ;  (63)  T. 
notha,  Kl.,  ab.  ;  (64)  T.  atra,  Kl.  ;  (65)  T.  sp.  ;  (66)  Cimbex  sericea,  L.  ;  (ft) 
Ichneunionidie  :  (67)  Numerous  species  ;  (r)  Evaniadoi :  (68)  FoDnus  affectator, 
F.  (Thur.) ;  (69)  F.  jaculator,  F.  (Thur.)  ;  (d)  Chrysidce  :  (70)  Hedychrum 
lucidulnm,  F.  (J,freq.  ;  (e)  Sphegidce  :  (71)  Cmbro  sexcinctus,  v.  d.  L.  $ 
rThur.)  ;  (72)  Or.  cepbalotes,  H.  Sch.  i  (Thur.)  ;  (73)  Cr.  lapidarius,  Pz.  ?  ; 
(74)  Cr.  vagus,  L.  ?  ;  (75)  Oxybelus  bipunctatus,  01.  $  ;  (76)  0.  bellicosus,  01. 
cJ,  freq.  ;  (77)  0.  bellus,  Dlb.  <J  ;  (78)  0.  uniglumis,  L.,  very  freq.  ;  (79) 
Philauthus  triangulum,  F.  ;  (80)  Cerceris  variabilis,  Schr.  ?  ^J,  not  rare  ;  (81) 
,( ron'tes  campestris,  L.  9  c?  >  ^'^t  rare  ;  (82)  Hoplisus  laticinctus,  Lep.  $  (Thur.)  ; 
(83)"^  Ponipilus  niger,  F.  $  (Tekl.  B.) ;  (84)  P.  spissus,  Schi.  ?  ;  (85)  P. 
neglectus,  Wesm.  J  (Thur.)  ;  (86)  Myrraosa  n)elanocepliala,  F.  9  ;  (/)  Ves- 
pidfE :  (87)  Odynerus  (juinquefasciatus,  F.  9  ;  (88)  0.  elegans,  F.  ^  ;  (g) 
Apid(E :  (89)  Pro^<()pis  communis,  Nyl.  ^ ;  (90)  P.  clypearis,  Schenck,  ^ 
(Thur.)  ;  (91)  Halictus  albipes,  F.  $  ;  (92)  IL  cylindricus,  F.  ?  ;  (93)  H. 
minutus,  K.  9  ;  (94)  Andrena  parvula,  K.  ^  ^  ;  (95)  A.  albicrus,  K.  $  ;  (96) 
A.  helvola,  L.  ?  (J,  c.p.  and  s.  ;  (97)  A.  fulvago,  Christ.  $,  c.p.  ;  (98)  A. 
proxima,  K.  ?,  b.  and  c.p.  ;  (99)  A.  albicans,  K.,  s. ;  (100)  A.  pilipes,  F.  (J, 
H.  ;  (101)  A.  dorsata,  K.  $,  c.p.;  (102)  A.  fucata,  Sm.  9,8.;  (103)  Apis 
mellifica,  L.  9,  c.p.     1).  Neuroplera — (104)  Panorpa  communis,  L. 

180.  PiMPiNELLA  MAGNA,  L. — I  have  had  very  little  oppor- 
tunity of  observing  this  species,  and  I  have  only  noticed  the 
following  insect-visitors  in  Low  Germany. 

I  ApidcB :  (1)  Andrena  parv^ula,  K.  9,  s.  and  c.p.  ;  (2)  A.  Rosae,  Pz.  (J,  s. 

In  the  subalpine  region  of  the  Alps  it  usually  bears  only 
pinkish  llowers  (P.  magna, /3  rosea,  Koch  =  P.  rubra,  Hoppe),  which 
circumstance  may  be  attributed  to  the  more  intense  action  of 
light  in  this  region.  I  have  found  the  pink  variety  on  the  Alps 
visited  by  six  species  of  beetles,  seven  flies,  two  Hymenoptera,  and 
one  butterfly  (609). 

181.  PlMPINELLA   SAXIFRAGA,    L.  : — 

Visitors :  A.  Dipt^ra— (o)  Tabanidce :  (1)  Tabanus  micans,  Mgn.  ;  (2) 
Chrysops  coecutiens,  L. ;  (/>)  Asilidm:  (3)  Isopogon  brevirostris,  Mgn.;  (r) 
Syrphhlcr :  (4)  Syrphus  nitidicollis,  Mt^n.  ;  (5)  S.  pyrastri,  L.  ;  (6)  Eristalis 
liorticola,  M^ni.  ;  {d)  Conopidce :  (7)  Conops  4-fa8ciata,  Deg. ;  (e)  Tipulida  : 
(8)  Pachyirliina  crocata,  L.  B.  Coleoptera — (a)  Malacodermata:  (9)  Tele- 
phonis  melanurus,  F.  ;  (10)  Dasytes  fla\'ipe8,  F.  (Thur.);  {h)  Ceramhycidct : 
(11)    Pachyta  octomaculata,  F.,  ab.    (Sid.);  (c)   Chry8omelid(e :  (12)   Clythra 
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Bcopolisa,  L.  (Thui 


.,  ^ ,.     J.  Hymenoptera — (a)  Tealkrediniilte :  (13)  Hylotcma 

Tosarum,  F. ;  (14)  Selandm  Berva,  L.  ;  (15)  Tenthredo  bicincta,  L.  i  (16)  T. 
notha,  Kl.,  ab.  ;  (17)  T.  bifasciata,  L,  etc. ;  (18)  Cimbex  sericea,  L. ;  (b)  Jchntu- 
monida  :  (19)  Numerous  Bpeciea  ;  (c)  A/ndrt :  (20)  Sphecodes  gibbus,  L.,  h.  ; 
(21)  Andrena  parvuk,  K.,  b.  and  cp. ;  (22)  A.  fulveswna,  Sm.  J .  D.  Neiiro- 
ptera — (23)  Panoipa  communU,  L. 

182.  Myrrhis  odorata,  Sc&p. — The  accompanying  figures 
represent  flowers  of  this  species  as  I  saw  them  towards  the  end 
of  their  flowering  period,  June  13,  1871.  The  flowers  last 
developed  are  male  ooly,  their  nnthers  and  petah  fall  off  without 
their  developing  styles  or  stigmas  upon  their  stunted  ovaries. 
These  male  flowers,  as  in  cases  described  above,  furnish  pollen 
for  the  last  of  the  hermaphrodite  flowers  when  iti  their  second 
or  female  stage.     I  have  had  no  opportunity  of  observing   the 


;./ 1'  'li 


fertilisation  of  Myrrhis  odorata,  which,  in  the  neighbourhood  of 
Lippstadt,  occurs  wild  only  in  on  isolated  patcli.  Herr  Borgstette 
sent  me  the  following  list  of  species  which  he  collected  on  the 
flowers  of  this  plant  at  Teklenburg : — 

A.  Dipteru— (o)  Bombylidat :  (1)  Bombylius  major,  L.  ;  {h)  Bmpiii/e :  (2) 
EmpiB  lesselata,  F.  ;  (c)  Ssrphuta: .-  (3)  Xylota  feniomta,  L.  B.  Coleopttra— 
ChrytomelidiE :  (4)  Galenica  calmaricuBiB,  L.  C.  Hymenoptera — (a)  Ichneu- 
ntoaidir.:  (5)  Several  species;  {b)  Apidir :  (B)  Halidus  inaculalUB,  Sni.  I 
have  since  added  twenty-seven  species  to  lliis  list  (590,  i.). 

183.   ClISROPHYLLUM   HIRSUTCM,   L.  :— 

Visitors:  A.  Diptera— S,viJiAi(/n- .-  (1)  Eristalic  iK-rtinax,  Scop,  B.  Cole- 
(.ptera-  (a)  Elatrrido: :  (2)  Agriotes  gnlliciis  Lap.  (Tlitir.)  ;  {li)  Uideiutndrt : 
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(3)  (EdemetB  flaveetenH,  L.   (TLur.).      C.  Hjmenoptera— (a)  TenlhredinMa  : 

(4)  Hyloloma  enodis,  L.,  ab. ;  (5)  H.  Begmeiitaria,  Pa.  (Thur.)  :  (6)  Tpnthredo 
bifosciata,  L.  (Thur.)  ;  (7)  T.  iiotha,  KL  ;  (8)  T.  sp,  ;  (9)  Athalia  rosa^  L.  ;  {b) 
Evaniadm:  (10)  Ftenua  aEfectator,  F.  (Thur.)  ;  (c)  Vhryitda :  (11)  ChryBW 
ignite,  L.  (Thur.);  {d)  Sphtgida;  (12)  Crabro  subterraneus,  F.  J  (Thur.); 
(13)  Pompilus  pectinipes,  v.  d.  L.  (Thur.)  ;  (14)  Mynnosa  melanostoma,  F. 
(Thur.)  ;  (c)  Apidcr :  (15)  Sphecodes  ephippia,  L. 

184.  Ch,eropuyllum  temuhjm,  L.  : — 

VinitorB  :  A.  Dipttra — (o)  StraCioiaijvia :  (1)  Chrysomyja  fonuosa,  Scop.  ; 
{b)  Syrphida :  (2)  HhtiiWiA  «cutelluta,  Fallen  ;  (3)  Cliry BogaHter  nBmeterioruio, 
L.  ;  (4)  Melanostuina  mellina,  L.  ;  (5)  Meltlhreptus  BcriptuK,  L.  ;  (6)  Baccfaa 
elongatii,  F. ;  (7)  EristaliH  nemonim,  L. ;  (8)  HelophUns  floreiis,  L.  ;  (9) 
Syrittn  pipiena,  L.  ;  (li)  Mvtridir. .-  (10)  Oymniwonia  rotundato,  L.  B.  Ode- 
upt«ra— (a)  Nitidalidf ;  (11)  Meligethc<> ;  (/.)  DfrmesliJ/e  .-  (12)  AnthrunuB 
Htropliulariee,  L.  ;  (13)  A.  pimpinelloE,  F.  ;  (c)  Cerainlryddir .-  (14)  Lept«ra 
licidii,  L.  ;  (15)  Pacbyla  S-macukta,  F.  (Tekl.  B.).  C.  Hymenoptera— (a) 
Teiithrntiaidis ;  (16)  Tentliredo  flavicornia,  h.  ;  (17)  T.  notha,  Ki  ;  (18)  T. 
nistica,  L.  ;  (19)  Several  iindetermiDed  Bpe:iea  of  Tentbredo  ;  (t)  Spktgida : 
(20)  Crabro  cribrarius,  L.  ?  ,3  ;  (21)  Enlomognathun  brevis,  v.  d.  L  ?  ;  (c) 
Veipida :  (22)  Odynerus  parietum,  L.  ^  ;  ((/)  Apida ;  (23)  Andrena  Oullinsoniaoa, 
K  y , ».  and  c.p.     See  also  No.  590,  1. 

185.  Anthriscus  silvestris,  Hoffm.— The  accompanying 
figures  show  some   of  the  special  adaptations  which  all  typical 

Umbellifersp  share.     These   features  are :   (1)   the   fully  < 


dcliiaced  :  n'.  ditto,  dchfirei).    Tbe  atrln 
ifl  f«]1«D  nti,  the  BtyleB  have  ijip^utd,  ud 


situation  of  the  hooey,  due  to  the  cushion -shaped  swelling  of 
the  disk  which  secretes  It,  to  the  absence  at  first  of  styles, 
to   the   widely   outstretched  position  of  tlie   petaU,   and    to   the 
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peculiar  nature  of  the  anthers  which,  before  dehiscence,  are 
bent  backwards  outside  the  flower,  and  afterwards,  erecting 
then)selves  slightly,  stand  pointing  obliquely  outwards,  and 
easily  fall  oflF  altogether  at  the  coming  of  an  insect ;  (2)  the 
complete  protwandry,  so  fully  developed  that  every  trace  of 
anthers  has  disappeared  when  the  stigmas  arrive  at  maturity ; 

(3)  the  loss  of  regularity  in  the  separate  flowers  for  the  good  of 
the  community,  the  outer  petals  developing  at  the  cost  of  the 
inner  ones. 

As  in  the  forms  just  mentioned,  we  find  visiting  Anthriscus 
silve^ris  a  very  miscellaneous  company  of  insects,  chiefly  with 
short  proboscides,  to  lick  up  the  flat  layer  of  honey  from  the 
disk ;  a  few  humble-bees  and  Muscidse  to  feed  on  pollen,  and  a 
few  bees  to  collect  it.  As  they  pass  quickly  over  the  surface  of 
the  umbels,  and  frequently  fly  from  one  to  another,  they  easily 
dust  their  body  and  legs  with  pollen  upon  young  flowers,  and 
accomplish  numerous  cross-fertilisations  in  a  short  time. 

I  have  repeatedly  found  hive-bees  collecting  pollen  on 
Anthriscus  sUvcstris ;  they  ran  over  the  umbels  with  the  utmost 
speed,  so  quickly  that  I  could  not  follow  with  my  eye  the  act  of 
pollen-gathering,  and  they  stripped  off  many  anthers  completely. 
In  spite  of  their  industry,  which  is  so  often  very  useful  to  other 
flowers,  they  are  of  little  or  no  use  to  Anthriscus  silirstris  ; 
for  they  take  away  the  pollen,  but  never  or  only  rarely  go  to 
umbels  in  the  second  stage,  and  so  seldom  or  never  effect 
cross-fertilisation. 

Visitors:  A.  Diptera — (a)  Stmtiomytda' :  (1)  Xeniotelus  pantlierinus  L.  ; 
(2)   Stratiomys  Chaniaeleon,  Deg.  ;    (h)    Empido' :  (3)    Empi?  punctata,  F.  : 

(4)  E.  st*?reopea  L.  ;  (r)  Sifrpfiid(r  :  (5)  Syrphus  corollae,  F.  ;  (6)  S.  rilx»sii,  L.  : 
(7)  Melithreptiis  scriptus,  L.  ;  (8)  M.  pictiis,  Mgn.  ;  (9  Asoia  p«^aprica,  F.  : 
I'lO)  Eristalis  arbustonim,  L.  ;  (11)  K  pertinax,  S<*op.  :  .12  Helopliihis  flor^us 
L.  ;  (13}  S>Titta  pipiens,  L.  ;  (d)  JI/i/#nW<r:  14)  Ecliinomyia  fera,  L  :  (15 
Zophorayia  tremnla.  Scop.  ;  (16;  Sarcophaga  pp.  ;  17}  Luc  ilia  sericata,  Mpn  : 
nS)  Musca  corvina,  F.  ;  (19)  Graphomyia  maculata.  Scop.  ;  '20^  Scatophajra 
merdaria,  F.  ;  (21)  S.  stercoraria,  L.,  ab. ;  '22)  Sepsis  sp.  ;  (23)  Psila  fimetaria, 
L.  ;  (e)  Bibioniff(F  :  .24)  Bibio  Lortulanus,  F.  ;  (/>  Tipuh'thT  :  (±b  Pachyr- 
rhina  cmcata,  L.  ;  '26)  P.  pratensis.  L.  B.  Cole<iptera —  a^  yitiduruhr :  .27, 
Epuraea  sp.  ;  28  Melipethes  ;  (b)  Elateridir :  ,'29  Synaptus  filiibrmis,  F.  ; 
30)  Lacon  murinuis  L.,  freq.  ;  (31)  Athens  niger,  L.  ;  ,32  Corymbites  querciis, 
111.  ;  (r)  Malacodemmta  :  (33^i  Telephorns  fuf»cns,  I^  :  34  T.  nisticus,  F.  ; 
*35)  T.  liritlus  L.  ;  ('36;  Malachius  a?neus,  L.  :  37'  M.  bipustnlatiis,  F.  ;  (d. 
dsielidcp :  38;  Cistela  mnrina.  L.  ;  (e)  Mordeih'da :  39.  Mordella  fasciata, 
R  ;  (40''  M.  pnmila,  Gyll.  ;  \f.  Currul'umidfw  .-  41  Bnichufs  freq.  ;  p  Cfram- 
h^etdir :    42^   Clytus  arietis,  L.  ;   .'43;    Pachyta  collari*^  L.    Thiir    ;    44    P. 
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octoniaculata,  F.  (Thur.)  ;  (45)  Grammoptera  lurida,  F.  (Tekl.  B.)  ;  (46)  G. 
ruficomis,  F.  C.  Hymenoptera — (a)  Tenth  redinulce  :  (47)  Hylotoma  femoralis, 
KL  (Thur.)  ;  (48)  Macrophya  neglecta,  Kl.  ;  (49)  Tenthredo  notba,  KL  ;  (50) 
T.  rapie,  Kl.  ;  (51)  T.  annulata,  F.  ;  (52)  T.  rustica,  L.  ;  (53)  T.  sp.  ;  (54) 
Selandria  serva,  F.  ;  (55)  Atlialia  rosae,  L.  ;  (56)  Dolerus  cenchris,  Htg.  ;  (57) 
Nematns  vittatiis,  Lep. ;  (58)  N.  myosotidis,  F.  ;  (b)  Ichneumonuias :  (59) 
Various  species  ;  {c)  Formlcidoi :  (60)  Various  species  ;  (d)  Sphegidce :  (61) 
Crabro  sexcinctus,  v.  d.  L.  ^  ;  (62)  Cr.  cephalotes,  H.  Sch.  ^  (Thur.) ;  (63) 
Hoplisus  laticinctus,  Lep.  9  (Thur.)  ;  (64)  Pompilus  neglectus,  Wesm.  ? 
(Thur.)  ;  (65)  P.  viaticus,  L.  $  ;  («)  Vespidce :  (66)  Odynerus  elegans,  H.  Sch. 
9  (Tekl.  B.)  ;  (/)  AjMa :  (67)  Halictus  Smeathmanellus,  K.  9  ;  (68)  Andrena 
parvula,  K.,  b.  and  c.p.  ;  (69)  A.  Collinsoniana,  K.  ?  ;  (70)  A  fucata,  Sm.  ?  ; 
(71)  Apia  mellifica,  L.  i} ,  c.p.  D.  Neuroptera — (72)  Sialis  lutaria,  L.  ;  (73) 
Hemerobius  sp.     See  aUo  No.  590,  I. 

186.  Anthriscus  Cerefolium,  Hoffm. : — 

Visitors:  A.  Diptera — {a)  Sffrphidin:  (1)  Eristalis  arbustorum,  L.  ;  (2) 
E.  nemorura,  L.  ;  (3)  Syritta  pipiens,  L.  ;  (6)  Mmcidce :  (4)  Gymnosoma 
rotundata,  L.  ;  (5)  Exorista  vulgaris,  Fallen ;  (6)  Sarcophaga  hsemarrhoa, 
Meigen  (determined  by  Herr  Winnertz)  ;  (7)  S.  dissimilis,  Mgn.  (do.)  ;  (8) 
Cyrtoneura  simplex,  Loew.  (do.)  ;  (9)  Anthomyiaradicum,  L.  (do.)  ;  (10)  Sepsis 
sp.,  l.h.  ;  (c)  Bibwmd(r :  (11)  Bibio  hortulanus,  F.  B.  Coleoplera — (a)  Niti- 
dulidir :  (12)  Meligethes,  very  ab.,  l.h.,  also  pairing  on  the  flowers;  (6) 
Dermestidm :  (13)  Anthrenus  pimpiuellfe,  F.  ;  (14)  A.  scrophulariae,  L.,  both 
ab.,  Lh.  ;  (<•)  Malacodermata  :  (15)  Anthocomus  fasciatus,  L.  ;  (16)  Malachius 
ieneus,  F. ;   {d)   MordellidcR :  (17)    Anaspis  frontalis,  l.h.;  (c)    Cerambycidce  : 

(18)  Grammoptera  ruficornis,   F.,  l.h.     C.  Hymenoptera— (a)  Ichneunionidce  : 

(19)  Numerous  species  ;  (6)  Formic'tdcn :  (20)  Several  species  ;  (c)  Sphegida : 
(21)  Oxybelus  uniglumis,  L.,  ab.  ;  (22)  Pompilus  pectinipes,  v.  d.  L.  ^J  ; 
(23)  P.  spissus,  Schi.  ;  {d)  ApidcE  :  (24)  Prosopis  communis,  Nyl.  J  ;  (25)  P. 
armillata,  Nyl.  9  J   (26)   Apis  mellifica,  L.  9 »  ^'•P- 

187.  (Enanthe  fistulosa,  L.  : — 

visitors  :  A.  Diptera — (a)  Stratiomyi^Ice :  (1)  Stratiomys  Chamaeleon,  Deg.  ; 

(b)  EmpUhp :  (2)  Empis  Hvida,  L.  ;  (3)  E.  rustica.  Fallen  ;  (c)  LepUdae :  (4) 
Antherix  ibis,  L.  ;  {d)  St/rphid(e :  (5)  Syritta  pipiens,  L.  ;  (6)  Eristalis 
nemorum,  L.  ;  (7)  E.  arbustorum,  L.  ;  (8)  E.  sepulcralis,  L.  ;  (9)  Various 
species  of  Lucilia,  all  sucking.  B.  Coleoptera — Lamellicornia  :  (10)  Trichius 
fasciatus,  L  C.  Hymenoptera — Apidcn :  (11)  Macro  pis  labiata,  Pz.  ^J,  s.  ; 
(12)   Heriades  truncorum,  L  9>  '^-  >  (L3)   Prosopis  sp.     See  also  No.  590,  i. 

188.  G^^NANTHE  Phellandrium,  Lam.: — 

Visitors:  A.  Diptera — {a)  Stratiomyidcp :  (1)  Odontomyia  viridula,  F.  ;  (6) 
Syrphidcp. :  (2)  Syritta  pipiens.  L.  ;  (3)   Eristalis  arbustorum,  L.,  and  others  ; 

(c)  Muscidcp :  (4)  Lucilia  cornicina,  F.  ;  (5)  Aricia  vagans.  Fallen  ;  (6) 
Cyrtoneura  curvipes,  Maccj.  (determined  by  Herr  Winnertz)  ;  all  sucking  ;  (</) 
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Afycetophilifia :  (7)  Sciara  Thomee,  L.  B.  Coleoptera— (a)  Chrysomelid(B  : 
(8)  Helodes  Phellandrii,  L.,  devouring  whole  umbels  down  to  the  peduncle  ; 
(b)  CerambycidcB :  (9)  Leptura  livida,  L.,  ab.,  licking  the  fleshy  disk  ;  (c) 
Elaieridce :  (10)  Adrastus  pallens,  Er.  C.  Hymenoptera— (a)  Tenthredinida  : 
(11)  Athalia  rosae,  L.  ;  (12)  Teuthredo  sp.  ;  (6)  Ichneumonida :  (13)  various 
species;  (c)  Sphegidce:  (14)  Tiphia nificomis,  K.  ;  (15)  Oxybelus bipunctatus, 
OL  9  ;  (16)  Pompilus  viaticus,  L.  ;  (17)  P.  trivialis,  Kl.  ?  ;  (^0  ApidcB:  (18) 
Prosopis  variegata,  F.  ^ ;  (19)  Sphecodes  gibbus,  L.  (J .  D.  Lepidoptera — 
_(20)  Vanessa  C-album,  L. 

189.  SiLAUS  PRATENSIS,  Bess. — I  can  only  mention  the  follow- 
ing as  fertilisers  of  this  species,  which  I  have  had  few  opportunities 
of  observing  :— 

Hymenoptera — (a)  Tenthredinida :  (1)  Tenthredo  notha,  Kl. ;  (6)  Sphegidce  : 
(2)  Pompilus  viaticus,  L.  ^ ,  l.h.  ;  (r)  AjMo' :  (3)  Halictus  longulus,  Sm.  ^ ,  s. 

190.  Angelica  silvestris,  L.  : — 

Visitors :  A  Diptera — (a)  Syrphida: :  (1)  Syritta  pipiens,  L.  ;  (2)  Helo- 
philus  floreus,  L.  ;  (3)  Eristalis  pertinax,  Scop. ;  (4)  Pipizella  virens,  F.  ;  (6) 
Muicidce  :  (5)  Tachina  praepotens,  Mgn.  (determined  by  Herr  Winnertz)  ;  (6) 
Echinomyia  fera,  L. ;  (7)  Mesembrina  meridiana,  L.  ;  (8)  Scatophaga  stercoraria, 
L. ;  (9)  S.  merdaria,  F.  ;  (10)  Lu  cilia  sil  varum,  L.  ;  (11)  Sarcophaga  sp.  B. 
Coleoptera — (a)  Dermestida :  (12)  Anthrenus  pimpinellse,  F. ;  (6)  Lanielli' 
comia:  (13)  Trichius  fasciatus,  L.,  l.h. ;  (c)  Malacodemiata :  (14)  Telephorus 
melanurus,  L.  ;  (rf)  Coccindlidce :  (15)  Coccinella  7-punctata,  L.,  s.  ;  (16)  C. 
14-punctata,  L.,  s.  ;  {e)  Nitidulidce :  (17)  Meligethes,  ab.  C  Hymenoptera — 
(a)  TenthredinidcH :  (18)  Athalia  rosae,  L. ;  (19)  Species  of  Tenthredo  ;  (h) 
Ichneumonidce :  (20)  Various  species  ;  (c)  Evaniadce  :  (21)  Fcenus  affectator,  F.  ; 
(d)  Sphegidce :  (22)  Orabro  lapidarius,  Pz.  <J  ?  (Thur.),  ab. ;  (23)  Philanthus 
triangulum,  F.  ;  (e)  Veapidie :  (24)  Odynerus  sinuatus,  F.  ?  ;  (25)  O.  debili- 
tatus,  Sauss.  ;  (26)  Vespa  rufa,  L.  ^  >  ^-  J  if)  Apidie :  (27)  Species  of  Pro- 
sopis, s.  ;  (28)  Andrena  pilipes,  F.  9,8.  D.  Lepidoptera — (29)  Argynnis 
Paphia,  L.  (Willebadessen)  (s.  ?)  E.  Neuroptera — (30)  Panorpa  communis,  L., 
l.h.     See  also  No.  590,  i.,  and  No.  609. 

191.  Peucedanum  Cervaria,  Lap. — On  the  slope  of  the 
Rehmberg,  near  Miihlberg  in  Thuringia,  a  locality  rich  in  rare 
plants,  I  found  on  the  last  sunny  days  in  August,  1869,  the  following 
insects,  many  of  them  rare,  upon  this  still  rarer  Umbellifer  : — 

A.  Diptera — (a)  Bombylidce :  (1)  Anthrax  maura,  L.  ;  (h)  ^fu8cida; :  (2) 
Phasia  crassipennis,  F,  ab.  ;  (3)  Ph.  analis,  F,  scarce  ;  (4)  Gymnosoma 
rotundata,  L.,  very  ab.  B.  Coleoptera— (a)  Chrysomelidcr :  (5)  Clythra 
scopolina,L. ;  (6)  Ceramhycidce  :  (6)  Strangalia bifasciata,  Midler.  C.  Hymen- 
optera—(a)  Chrysidce:  (7)  Hedychrum  lucidulura,  F  J  $  ;  (h)  Spheg'ulo' : 
(8)  Crabro  vagus,  L.  ?  ;  (9)  Cr.  cribrarius,  L.  <J  ? ,  ab.  ;  (10)  Nysson  macu- 
latUH,  V.  d.  L.  9  ;  (11)  Taehytes  unicolor,  Pz.  ?  ;    (12)  T.  pectinipes,  v.  d.  L 
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9  ;  (13)  Ammophila  sabulosa,  L.  ;  (14)  Psammopbila  viatica,  L.  (J  ;  (15) 
Pompilus  viaticufl,  L.  ^  ;  (16)  Priocnemis  bipunctatiis,  F.  ?  ;  (17)  Pr.  obtuai- 
ventria,  ScbiOdte,  $  ;  (18)  Ceropales  niaculata,  F.  ?  ;  (19)  C.  variegata,  F. 
?  cJ ;  (20)  Tipbia  femomta,  F.,  very  ab.,  all  licking  honey  ;  (c)  Vespida : 
(28)  Polistes  gallica,  L.,  and  var.  diadema ;  (d)  Apidce :  (22)  Proeopis 
variegata,  F.,  e.  ;  (23)  Halictns  leucozonius,  Sclirk.  (J  $,  s.  and  c.p.  ;  (24) 
H.  quadricinctus,  F.  ? ,  a. ;  (25)  Andrena  minntula,  K.  9 ,  freq.,  c.p.  ;  (26) 
Megachile  lagopoda,  Pz.  ? ,  once,  sucking. 

It  is  a  remarkable  fact  that  this  scarce  Umbeliifer  is  visited  by 
a  choice  collection  of  rare  insects,  while  the  most  common  visitants 
are  absent.  I  do  not  think  that  this  is  due  to  a  special  taste  of  its 
honey,  but  I  suppose  tliat  the  same  conditions  necessary  for  the 
plant's  existence  are  also  favourable  to  special  insects. 

192.  Peucedanum  (Anethum)  graveolens,  L. — The  dirty- 
yellow  flowers  of  this  plant  are,  like  those  of  Bupleurum,  visited 
by  Diptera  and  Hymenoptera,  but  far  more  plentifully  and 
by  a  greater  variety  of  forms,  owing,  doubtless,  to  the  strong 
odour  of  the  flowers.  No  species  of  beetle  occurs  among  the  very 
numerous  visitors. 

Visitors:  A.  Diptera  — («)  Stratiofni/ida- :  (1)  Chrysoniyia  formosa,  Scop., 
H.  ;  {/))  Bombi/ltdtp :  {'2)  Anllimx  niaiira,  L.  (Thiir.)  ;  {c)  Syrphida:  (3) 
('lieilosia  sciitellata,  Fallen  ;  (4)  Syr])l'us  pyrastri,  L.,  sucking,  as  also  were  the 
following  :  (5)  Eristalis  arbustorum,  L.  ;  (0)  E.  nemoruin,  L.;  (7)  E.  sepulcralis, 
L.  ;  (8)  E.  tenax,  L.  ;  (9;  Syritta  pipiens,  L.  ;  {d)  Aluscidw :  (10)  Gymnosoma 
rotundata,  L.,  ab.  ;  (11)  Lucilia  coniicina,  F.  ;  (12)  Musca  corvina,  F.  ;  (13) 
Cyrtoneura  simplex,  Loew.,  and  curvipes,  Maccj.,  tbe  last  two  identified  by  Herr 
Winnertz;  (14)  8i*psis,  ab.;  (e)  Tipulidw :  (15)  Tipula  sp.  B.  Hymenoptera: 
(a)  Tenthred'uiidir  :  (10)  Several  species  ofTenthredo  ;  {b)  Ichneumonidoe :  (17) 
Numerous  species  ;  {(•)  Erauiadir  :  (18)  Fcenus  affectator,  F.  ;  (19)  F.  jaculator, 
V.  (Tbur.)  ;  (d)  Formicido' :  freq.;  {e)  Chrysidcn :  (20)  Hedychrum  lucidu- 
Juin,  F.  9  (J,  freti.  ;  (21)  Cbrysis  iguita,  L.  ?  ;  (22)  Chr.  bidentata,  L.  $  ; 
(/)  Sphetjidd :  (23)  Crabro  sexcinctus,  v.  d.  L.  (J  (Tbur.)  ;  (24)  Cr.  vexil- 
latus,  Pz.  5  (Tbur.)  ;  (25)  Cr.  pcxlagricus,  H.  Scb.  ?  (Tbur.)  ;  (26)  Cr.  denti- 
irus,  H.  Sch.  ;  (27)  Cr.  Wesmajli,  v.  d.  L.  ^  ;  (28)  Oxybelus  uniglumis,  L., 
ab.  ;  (29)  Tripoxylon  davicenim,  v.  d.  L.  ?  ;  (30)  Cemonus  unicolor,  F.  $  ; 
(31)  Tacytes  pectinipes,  L.  $  (Tbur.)  ;  (32)  Psen  atratus,  Pz.  ?  ^  (Tbur.)  ; 
(33)  Pompilus  cincU'llus,  v.  d.  L.  9  ;  (34)  P.  neglectus,  Wesm.  $  (Thur., 
July  14,  1870  I)  ;  (35)  Tipbia  femorata,  F.  $  ;  (36)  Myrmosa  melanocepbala, 
F.  (Tbur.,  July  14,  1870  !)  ;  (g)  VespidcF :  (37)  Odynerus  parietum,  L.  ;  (38) 
().  debilitatus,  Sauss.  ;  (39)  Eumenes  pomiformis,  L.  ^  ;  (40)  Polistes  gallica, 
L.  (Tluir.)  ;  {h)  Ajndcf :  (41)  Prosopis  sinuata,  Scbenck,  (J  ?  (Tbur.)  ;  (42) 
Pr.  communis,  Nyl.  $  ^  (Tekl.  B.)  ;  (43)  Pr.  armillata,  Nyl.  J  (Tekl.  B.)  ; 
(44)  Spbecodes  gibbus,  L.  (J  9 »  ^^'  >  (*^^)  Andrena  par\'ula,  K.  9  >  c.p.  ;  (46) 
A.  dorsata,  K.  9  >  *^P- 
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193.  Peucedanum  (Pastinaca)  sativum,  L.  (Thuringia) : — 

Visitors  :  A.  Diptera — (a)  Bomhylida :  (1)  Anthrax  flava,  Hffsgg.,  l.h.  ; 
(6)  SyrphidcB :  (2)  Chrysotoxum  bicinctum,  L.  ;  (3)  Syritla  pipiens,  L.  ;  (c) 
MuscidcE :  (4)  Dexia  rustica,  F.  ;  (5)  Onesia  sepulcralis,  Mgn. ;  (6)  Lucilia 
silvarum,  Mgn. ;  (7)  Sarcophaga  camaria,  L.  B.  Hymenoptera — {a)  Tenthre- 
dinidcB :  (8)  Several  species  of  Tenthredo  ;  (6)  Ichmumonidce :  (9)  Numerous 
species  ;  (c)  Sphegida :  (10)  Crabro  sextinctus,  v.  d.  L.  (J  ;  (11)  Tipliia  femo- 
rata,  F. ;  (12)  Mutilla  europsea,  L.  ?  ;  (rf)  Vespidce :  (13)  Polistes  gallica,  L., 
and  var.  diadema  ;  (14)  Odynerus  parietum,  L.  (J .     See  also  No.  590,  i. 

So  the  dull  yellow  flowers  of  this  plant,  like  those  of  Bvphurum 
and  Anethum,  are  visited  only  by  Diptera  and  Hymenoptera,  not 
by  Beetles. 

194.  Heracleum  Sphondylium,  L.  : — 

Visitors  :  A.  Diptera— (a)  Bombylidtn  :  (1)  Anthrax  flava,  Hff.  (Sid.  Tekl. 
B.)  ;    (b)  Empidce :   (2)  Empis  livida,  L.  ;    {c)    Asilidm :   (3)  Dioctria  Rein- 
hardi,  Wied.,  ab.    (Sid.)  ;    {d)   Syrphxda:    (4)  Chrysotoxum    bicinctuni,  L. 
(Sid.) ;  (5)  Ch.  festivum,  L.  (Tekl.  B.)  ;  (G)  Pipizella  virens,  F. ;  (7)  P.  annu- 
lata,  Macq.  ;    (8)  Chrysogaster  viduata,  L.  ;    (9)    Cheilosia  scutellata.  Fall.  ; 
(10)  Syri)hu8  glaucius,  L.  ;    (11)  S.   ribe?ii,  L.  ;    (12)  S.   pyrastri,  L. ;    (13) 
Melithreptus  menthastri,  L.  ;   (14)  Ascia  podagrica,  F.  ;   (15)  Eristalis  tenax, 
L. ;   (16)  E.  nemonim,  L.  ;   (17)  E.  arbustorum,  L.  ;   (18)  E.  sepulcralis,  L.  ; 
(19)  E.  aeneua,  Scop.  ;  (20)  E.  pertinax.  Scop.  ;  (21)  E.  horticola,  Mgn.  (Sid.)  ; 
(22)  Helopliilus  floreus,  L.,  ab.  ;   (23)  Xylota  florum,  L.  (Sid.) ;   (24)  Syritta 
pipiens,  L.  ;   (•?)   Conopidcp :  (25)  Zodion  cinereum,  F.  (Sid.)  ;   (/)  Muscidiv  : 
(26)  Echinoniyia  grossa,  L.  (Haar)  ;   (27)  E.   fera,  L.  ;   (28)  E.   magnicomis, 
2^tt  ;   (29)  Nemoraea  sp.  ;   (30)  Exorista  vulgaris.  Fallen  ;  (31)  Tachina  eru- 
carum.  Bond.  ;  (32)  Sarcophaga  camaria,  L.,  ab.  ;   (33)  S.  heemarrhoa,  Mgn.  ; 
(34)  Onesia  sepulcralis,  Mgn.  ;   (35)  0.   floralis.  Bob.   Desv.  ;   (36)  Grapho- 
myia  maculata.  Scop.  ;  (37)  Lucilia  sericata,  Mgn.  ;   (38)  L.  Caesar,  L.  ;   (39) 
L.  silvarum,  Mgn.  ;   (40)  L.  comicina,  F.  ;   (41)  Pyrellia  a^nea,  2^tt. ;   (42) 
Musca  corvina,  F.  ;  (43)  Calliphora  vomitoria,  L. ;   (44)  C.  erythrocephala, 
Mgn.  ;   (45)  Scatophaga  merdariii,  F.,  ab.  ;  (46)  Sepsis  cynipsea,  L.,  ab.  ;  (^) 
TahanidcR :    (47)    Tabanus  rusticns,  L.  ;    {h)   Mycetophilidm :   (48)  Platyura 
sp.  ;  (i)   TipulidcB :  (49)  Pachyrrhina  histrio,  F.     B.   Coleoptera — (a)   Nifidv- 
lidce:   (50)  Thalycra  sericea,  Er.  (Siebengebirge)  ;    (51)   Meligethes,  ab.  ;   (6) 
Dermeslida: :  (52)  Anthrenus  pimpinellae,  F.  ;  (c)  LameUicorriia  :  (53)  Hoplia 
philanthns,  Sulz.,  very  freq.   (Sid.)  ;    (54)  Trichodes  fasciatus,  L.,  ab.  ;    (55) 
Cetonia  aurata,  L.,  very  ab.,  (Sid.  Siebengeb.)  ;   (</)  Elateridce :   (56)  Agriotes 
ustulatus,  Schaller  (Thur.)  ;  (57)  Corymbites  holosericeus,  L.  ;  (58)  C.  haema- 
todes,  F.    (Siebengeb.,  July  8,  1871)  ;    if)  Malacodermaia  :  (59)  Telephorna 
nielanunia,  F,  very  freq.  ;   (60)  T.  fu^cus,  L.  ;  (61)  T.  lividus,  L.  ;  (62)  Tri- 
chodes apiarius,  L.  ;   (/)   Mordellida; :  (63)   Monlella  fa^ciata,  L.  ;  (</)  Qi^de- 
nierid(B :    (64)    (Edemera   virescens,   L.  ;    {h)    Ceramhycid(E :    (65)    Bhagium 
inquisitor,  F.  (Sid.)  ;  (66)  Pachyta  8-maculatl^  F,  ab.  (Sid.  Siebengeb.)  ;   (67) 
Strangalia  nielanura,  L.,  very  ab.  (Sid.)  ;  (68)  S.  nigra,  L.  ;  (i)  Chryf^omelidce  : 
(09)  Cryptocephaliis  sericeus,  L.  ;    {k)   Coccmellid<r :  (70)   Exochomus  auritus, 
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Scriba.     C.  Hymenoptera — (a)   TeiithredimdcE :  (71)  Tentbredo  bifasciata,  L., 
ab.  ;  (72)  T.   notha,  KL,  not  rare  ;   (73)  T.  tricincta,  F.  ;  (74)  T.  sp. ;   (75) 
T.  annulata,  F.  ;  (76)  Selaudria  serva,  F.,  very  freq. ;   (77)  Athalia  rosse,  L. ; 
(78)  Hylotoma  rosanim,  F.  ;  (79)  H.  ccenilescens,  F.  ;   (80)  H.  ustulata,  L.  ; 
(81)  H.  vulgaris,  Kl. ;  (82)  H.  femoralis,  Kl. ;  (83)  Cimbex  sericea,  L.,  not  rare 
(Sid.)  ;  {h)  Ichneumonidie :  (84)  Numerous  species  ;  (c)  Sphegidce :  (85)  Crabro 
lapidariua,  Pz.  9  cJ ,  freq.  ;  (86)  Cr.  vagus,  L.  2  (J  ;  (87)  Cr.  cribrarius,  L.  J  (J  ; 
(88)  Oxybelus  uniglumis,  L.,  ab.  ;  (89)  Philanthus  Iriangulum,  F.  2  ;  (90) 
Gorytes  campestris,  L.  2  cJ»  ^ot  rare  ;  (91)  Dinetus  pictus,  F.  9  cJ»  ab. ;  (92) 
Miniesa  bicolor,  Sh.  (Thur.)  ;  (93)  M.  unicolor,  v.  d.  L.  (Tliur.)  ;  (94)  Pom- 
piliis  viaticus,  L.  (J  ;  (95)  P.  pectinipes,  v.  d.  L.  (J  ;  (96)  Priocnemis  exaltatus, 
F.  (Thur.)  ;  (97)  Ceropales  maculata,  F.,  not  rare  ;  (98)  Tiphia  femorata,  F.,  ab.  ; 
(rf)   Vespidce :  (99)  Odynerus  parietum,  L.,  ab.  ;  (100)  0.  sinuatus,  F.  ;  (101) 
O.  trifixsciatus,  F.  ?  ;  (102)  Vespa  rufa,  L.  2  ;  (103)  V.  holnatica,  F.  ^  ;  (104) 
V.  vulgaris,  L.  9  ;  (^)  Apidcn :  (105)  Prosopis  armillata,  Nyl.  9  ;  (106)  Hal- 
ictus  cylindricus,  F.  9 1  covered  with  pollen  on  the  whole  hairy  ventral  sur- 
face ;    (107)  II.   leucopus,  K.    i  ;   (108)  H.   flavipes,  F.    9  ;   (109)  Andrena 
nana,  K.  9»8.  ;   (110)  A.  fucata,  Sm.  9>*'^^->8.   and   c.p.  ;   (111)  A.   coitana, 
K.^ 9,  not  rare  (Sid.)  ;   (112)  A.  Rosie,  Pz.  9,  fre<i. ;  (113)  Sphecodes  gibbus, 
L.  (J,8.  ;   (114)   Ncnuada  ferruginaUi,  K.  9>8-  ;    (115)   Megachile  centuncu- 
laris,  L.  9)C.p.  ;   (116)  Bonibus  terrestris,  L.  9)C.p.  ;   (117)   Apis  mellifica, 

9,  s.  and  c.p.     D.   Hemiptera — (118)  Several  bugs.     See  also  No.  590,  i.,  and 

No.  609. 

195.  Daucus  Caruta,  L.  :— 

Vinitors  :  A.  Diptera — (a)  Stratiomi/itlw  :  (1)  Strationiys  Cliamajleon,  Deg., 
ab.  ;  (2)  S.  riparia,  Mgn.,  ab.  ;  (b)  BomhylidcR :  (3)  Anthrax  iiava,  Hff. 
(Thur.)  ;  (c)  Syrphidw :  (4)  Pipizella  annulata,  Macq.  ;  (5)  Pipiza  funebris,  F.  ; 
(6)  Chrysogaster  viduata,  L.  ;  (7)  Cheilosia  soror,  Zett.  ;  (8)  Syrphus  pyrastri, 
L.  ;  (9)  Melithreptus  scriptus,  L.  ;  (10)  M.  t«niatu8,  Mgn.  ;  (11)  Ascia  poda- 
grica,  F.  ;  (12)  Eristalis  sepulcralis,  L.  ;  (13)  E.  arbustorum,  L.  ;  (14)  Helo- 
philus  floreus,  L.  ;  (15)  Syritta  pipiens,  L. ;  (d)  Muscidce :  (16)  Gymnosoma 
rotundata,  L. ;  (17)  Sarcophaga  albiceps,  Mgn.  (Thur.)  ;  (18)  Species  of  Lucilia  ; 
(19)  Species  of  Sepsis.  B.  Coleoptera— (a)  Dermestidm  :  (20)  Anthrenus  pim- 
pinellae,  F.  ;  {h)  Lamellicornia :  (21)  Trichius  fasciatus,  L.  ;  (c)  ElateAda  : 
(22)  Agriotes  sputator,  L.  (Thur.)  ;  (23)  A.  ustulatus,  Schaller  (Thur.)  ;  (24) 
A.  gallicus.  Lap.  (Thur.)  ;  (d)  Malacod^rmata :  (25)  Dasytes  pallipes,  Pz. 
(Thur.)  ;  (e)  Mordellidce :  (26)  Mordella  fasciata,  F.  ;  (27)  M.  aculeata,  L.  ; 
(/)  Curculionii/ce :  (28)  Spermophagus  cardui,  Sch.  (Thur.)  ;  (ff)  Ceram- 
hycidce :  (29)  Strangalia  bifasciata,  Miiller  (Thur.).  C.  Hymenoptera — (a) 
Tenthredinidw :  (30)  Hylotoma  ustulata,  L.  (Thur.)  ;  (31)  H.  femoralis,  Kl. 
(Thur.)  ;  (32)  Selandria  serva,  F.  ;  (33)  Athalia  rosse,  L.  ;  (34)  Tenthredo 
notha,  Kl.  ;  {h)  Tchneumonidce :  (35)  Various  ;  (c)  ChrysidoB :  (36)  Hedychrum 
luciduluni,  F.  (J  9  (Thur.),  ab.  ;  (</)  Sphegidce :  (37)  Oxybelus  uniglumis,  L., 
ab.  ;  (38)  0.  bipunctatus,  01.  ;  (39)  Pompilus  niger,  F.  $  ;  (40)  P.  viaticus, 
L.  (J  ;  (41)  P.  neglectus,  Wesm.  ^ ;  (42)  P.  intermedins,  Schenck  ;  (43)  Prio- 
cnemis obtusiventris,  Schi.  (Thur)  ;  (44)  Ceropales  maculata,  F.  ;  (45)  Tiphia 
femorata,  F.,  freq.  ;  (46)  Mutilla  europsea,  L.  <J  (Thur.,  July  14,  1870) ;  (47) 
Cerceris  variabilis,  Schr.  9  ;    (e)  Vespidce :    (48)  Odynerus  sinuatus,  F.    9 ; 
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(/)  Apidce :  (49)  Prosopis  variegata,  F.  (J  (Thur.)  ;  (50)  P.  sinuata,  Schenck, 
<J ;  (51)  Sphecodes  gibbus,  L.  ?  ;  (52)  Halictus  albipea,  F.  cJ ;  (53)  H.  inter- 
ruptus,  Pz.  ?  (Thur.)  ;  (54)  H.  fulvicomis,  K.  (J ;  (55)  Andrena  parvula,  K. ; 
(56)  A  nana,  K.  9,8.;  (57)  Nomada  lateralis,  Pz.  ?  (Thur.).  D.  Lepidop- 
tera — (a)  Ehopalocera :  (58)  Hesperia  lineola,  0.,  s.  ;  (b)  Tineina :  (59)  Nemo- 
tois,  Hbn.,  sp.,  s.  E.  Hemiptera — (60)  Tetyra  nigrolineata,  L.  (Thur.),  ab. 
F.  Neuroptera — (61)  Hemerobius.    See  also  No.  590,  i. 

Baucus  {Orlayoi)  grandijlora,  HofTm. — This  species  has  three 
different  kinds  of  flowers,  all  differing  in  form  and  degree  of 
conspicuousness :  (1)  In  the  centre  of  the  umbellule  the  florets 
are  male  only,  and  have  small  incurved  petals  ;  (2)  at  the  edge  of 
the  umbellule  the  florets  are  asexual,  and  the  outermost  petal  is 
greatly  enlarged ;  (3)  at  the  margin  of  the  whole  umbel  are 
female  florets,  in  which  the  outer  petals  attain  a  gigantic  size 

(590, 1.). 

Gauccdis  daucoides,  L.,  is  visited   by    Tetyra  nigrolineata,  L. 

(Hemiptera)  (590,  I.). 

196.  Caucalis  (Torilis)  Anthriscus,  L.  : — 

Visitors  :  A.  Diptera — (1)  Gymnosoma  rotundata,  L.,  freq.  B.  Hyracno]>- 
tera— (a)  Tenthredinidcp :  (2)  Tenthredo  notha,  Kl.  (Tekl.  B.)  ;  (b)  Spheg'xdcF  : 
(3)  Crabro  vagus,  L.  ?  ;  (4)  Oxybelus  bellicosus,  01.  ;  (5)  O.  uniglumis,  L., 
ab.  ;  (6)  Ceropales  maculata,  F.  cJ  ? ,  ab.  ;  (c)  Vespidce :  (7)  Odynenis  pari- 
etura,  L.  ;  (</)  Apid(P :  (8)  Prosopis  variegata,  F.  (J.  C.  Lepidoptera — (9) 
Pieris  rapae,  L.     See  also  No.  590,  i.^ 


REVIEW   OF  THE   UMBELLIFERiE. 

A  survey  of  the  Umbelliferae  and  their  insect-guests  proves 
most  definitely  that  in  flowers  otherwise  constituted  aUke  the 
visitors  vary  in  abundance  and  variety  in  proportion  to  the  con- 
spicuousness of  the  flowers.  For  our  comparison  we  must  naturally 
choose  flowers  that  have  been  observed  to  much  the  same  extent. 
If  we  select  a  number,  eg,  ^gojyodiuni,  Ca^ncm,  Pimpinclla 
Saxifraga,  Heracleuvi,  Torilis,  Anthriscus  silvestris,  Daumcs/snd 
Chmrophyllum  te^nuluin,  and  arrange  them  in  the  order  of  con- 
spicuousness, this  arrangement  will  not  differ  materially  from  the 
following,  in  which  they  are  placed  according  to  the  number  of 

^  The  following  additional  species  are  discussed  in  my  Alpenhlumen : — Bupleunim 
steUatum,  L  ;  Chaerophyllum  Villarsii^  Kocb. ;  Oaya  simplex.  Gaud.  ;  Loserpitium 
hirsutum,  Lam.  ;  Meum  MuUlliva,  Gartn.  ;  Pcucfdanum  OstniMujn,  L.  Lists  of 
visitors  to  the  following  are  given  in  my  Weitere  Beobachlungen,  pt  i.  ;  ACthusa 
Cynapiiim,  L.  ;  Buplcfirum  rotuTuiifolium,  L.  ;  Thysselinum  palustre,  Hoffm. 
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dififercnt  species  of  their  insect-guests:  1.  Heracleum  (118);  2. 
JEgopodium  (104);  3.  Anthriscus  silvesiris  (73);  4.  Daucus  Carcia 
(61) ;  4.  Carum  carui  (55) ;  6.  GluBrophyllum  temvlum  (23)  and 
Pimpinclla  Saxifraga  (23) ;  7.  Torilis  (9). 

Those  insects  which  are  most  specialised  for  obtaining  honey 
are  the  least  frequent  visitors  of  UmbeliifersB.  On  most  Umbel- 
lifers  butterflies  are  never  seen,  and  on  the  others  only  rarely. 
In  cases  where  I  saw  them  on  several  flowers  one  after  another 
sinking  their  proboscides  on  to  the  fleshy  disk,  I  have  set  them 
down  as  sucking;  but  the  point  may  be  reserved  whether  they 
really  can  suck  up  honey  off  the  flat  surface,  or  were  tearing  the 
disk  with  the  sharp  appendages  of  the  proboscis  and  sucking  the 
juice  set  free,  or  whether  they  were  only  looking  for  honey 
unsuccessfully. 

We  find  on  Umbellifers,  on  the  one  hand,  the  least  specialised 
genera  of  bees  {Prosopis,  Sjphecodes,  Halictus,  Aridrena)  licking 
the  flat  layer  of  honey  or  gathering  pollen,  and,  on  the  other 
hand,  the  most  diligent  forms  (Apis,  Bombus,)  collecting  pollen, 
or  more  rarely  sucking  honey. 

The  odour  of  Umbellifers  is  shown  to  be  of  marked  influence 
on  bees'  visits,  as  the  strong-smelling  umbels  of  Anethum  graveoleiis 
are  visited  with  special  preference  by  the  equally  strong-smelling 
species  of  Prosopis.  The  great  majority  of  the  visitors  of  Umbellifers 
are  short-lipped  flies,  beetles,  wasps,  and  other  short-lipped  insects 
in  immense  variety.  As  a  peculiarity  which  influences  this 
assemblage  of  insects,  I  must  mention  the  yellowish  colour,  for 
I  have  never  found  the  flowers  of  Bupleurum,  Silaus,  or  Pastinaca 
visited  by  beetles.  These  seem  to  be  mainly  attracted  to  flowers 
by  bright  colours. 

Rare  Umbellifers,  confined  to  particular  localities,  have  rare 
insects  as  their  visitors. 

Obd.  ARALIACEjE. 

Hed4:ra,  L.,  is  proteranderous,  according  to  Delpino,  and  is 
fertilised  by  flies  (177).  I  have  seen  it  visited  also  by  beetles  and 
by  wasps  (590,  I.). 

Obd.  CORNAGEJS. 

197.  CoRNUS  SANGUINEA,  L. — The  fleshy  ring  surrounding 
the  base  of  the  style  secretes  honey,  which,  lying  open  on  the  flat 
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surface,  is  much  more  easily  licked  up  by  the  tongues  of  short- 
lipped  insects,  or  by  the  end-flaps  (labellce)  of  Diptera,  than  by 
the  long  proboscis  of  bees.  I  have  never  seen  bees  upon  the 
flowers  of  G.  mnguinea,  although  they  may  occasionally  frequent 
them  for  the  sake  of  pollen  or  even  honey  ;  but  I  have  noticed 
many  other  insects  licking  the  honey  on  these  flowers. 

Since  the  anthers  are  developed  at  the  same  time  as  the 
stigma,  and  since  they  open  inwards  and  stand  on  a  level  with 
it  at  a  little  distance,  the  insect,  alighting  on  the  flower  and 
bending  its  head  down  to  the  fleshy  disk,  generally  touches  the 
stigma  with  one  side  of  its  head  or  body  and  one  or  two  anthers 
with  the  other ;  and  so  passing  from  flower  to  flower,  and  touching 
the  stigma  now  with  one  side  of  its  head  now  with  the  other, 


Fiu.  9o.—  C'oiHut  laiiguinta,  I 

1. — Flower,  fn»m  above. 
•J. — Ditto,  iu  side  view. 


it  produces  cross-fertilisation,  especially  as  in  its  movements  it 
touches  anthers  and  stigmas  with  its  legs  or  the  underside  of  its 
body.  Only  the  smaller  insects  {Nitidulidm,  Byivrus,  small  Diptera) 
which  creep  about  irregularly  in  the  flowers  can  occasion  self- 
fertilisation  also.  In  default  of  insect-visits,  pollination,  and  even 
cross-pollination,  may  here  and  there  occur  by  the  stigma  acci- 
dentally touching  an  anther  of  a  neighbouring  flower. 

Visitors  :  A.  Coleoptera — (o)  XitiduHdce :  (1)  Thalycra  seiicea,  Er.;  (2)  Meli- 
gethes  ;  (b)  Dermestidce :  (3)  By  turns  fumatus,  F.;  (c)  Elateridce :  (4)  Dolopius 
marginatus,  L.  ;  (5)  Athous  niger,  L.  ;  {d)  CurcuHonidce :  (6)  Otiorhynchiis 
picipes,  F.  ;  (e)  Cerambycidce  :  (7)  Strangalia  atra,  F.  ;  (8)  Sir.  armata,  Hbst ; 
(9)  Str.  attenuata,  L.  ;  (10)  Graminoptera  lurida,  F.  ;  (11)  Gr.  laevis,  F. ;  (/) 
Malacoderniata  :  (12)  Telephoms  pellucidiis,  F.  B.  Diptera — (a)  Empidct  : 
(13)  Empis  livida,  L.  ;  (6)  (14)  a  sinall  midge  in  ver}'  great  numbers.  C 
Hymenoptera — Spheguia :  (15)  Pompilus  sp.  ;  all  the  visitors  were  licking 
honey  on  the  fleshy  disk.     See  also  ^o.  590,  11. 
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Obd.  CAPRIFOLIAGEjE. 

198.  Adoxa  Moschatellina,  L. — The  flat,  exposed  layer  of 
honey  limits  or  prevents  the  visits  of  long-tongued  insects,  while 
the  greenish-yellow  colour  of  the  flowers  must  cause  them  to 
remain  unnoticed  by  most  flower-haunting  Coleoptera.  As  in 
other  flowers  of  a  similar  colour  and  displaying  their  honey  in  a 
similar  way,  the  visitors  are  exclusively  or  almost  exclusively 
Diptera  and  Hymenoptera,  which  in  this  case  are  specially 
attracted  by  the  musky  smell.  The  honey  is  secreted  by  a 
fleshy  ring  surrounding  the  bases  of  the  stamens.  •    The  stamens 


Fio.  9<i.— Adoxa  ilofchatfllina,  L. 

1.— Apical  flower,  from  above  (x  8J). 

2.— Ditto,  from  below. 

8.— Lateral  flower,  not  yet  mature,  unfolded  artificially;  the  style  is  still  bent  down;  viewed 
from  the  front. 

4. — Ditto,  ftx)ra  behind. 

5. — Lobe  of  the  corolla,  with  two  (divided)  stamens  (x  7). 

6. — Stigma  of  the  apical  flower,  from  the  side  (  x  7). 

a,  anther,  not  yet  dehisced  ;  a',  ditto,  after  dehiscence  :  «,  sepal :  p,  petals  of  the  apical  flower ; 
p*,  superior,  p',  inferior,  p\  lateral,  petals  of  a  lateral  flower ;  «(,  stigma ;  ov,  ovary ;  n,  nectary. 


are  each  split  into  two  halves,  and  their  pollen-covered  suifaces 
are  directed  upwards  in  the  terminal  flowers,  and  outwards  in  the 
lateral  flowers.  Insects  crawling  over  the  small  inflorescence 
bring  their  feet  and  proboscides  in  contact  now  with  anthers  now 
with  stigma,  and  effect  cross-fertilisation  as  in  the  case  of  the 
Guelder-rose  and  Elder  (cf.  Ricca,  No.  665). 

After  my  M.S.  was  finished  I  found  a  patch  of  Adoxa  visited  rather 
abundantly  by  small  insects  one  sunny  afternoon  (April  7,  1872).  I  caught 
fifty-two  examples  of  the  following  species.  A.  Diptera — (a)  Muscida :  (1) 
Borborus  niger,  Mgn.,  2  specimens  ;  (6)  Mycetophilida :  (2)  various  species 
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1^ — 4  mm.  long.,  11  specimens;  (c)  SimuUda:  (3)  Simulia  sp.,  14  speci- 
mens ;  (d)  CecldomyidcB :  (4)  various  species,  10  specimens.  B.  Hymenoptera — 
(a)  Pteromal'mi :  (5)  Eulophus,  (J,  1  specimen;  (6)  seven  other  species, 
9  specimens ;  (b)  Ichneumonidat :  (7)  Pezomachus,  Grav.,  two  species,  2  spe- 
cinu^ns.  i\  Colooptera — Curculionidat :  (8)  Apion  columbinum,  Grm.,  3 
Hpocimens.  Many  of  these  small  guests  scrambled  over  the  inflorescence,  others 
flow  fn»m  flower  lo  flower  ;  all  licked  the  thin  layer  of  honey,  and  none  were 
fcHHling  on  the  pollen. 

199.  Sambucus  nigra,  L. — I  have  never  found  honey  in  the 
flowers.  The  relative  positions  of  the  essential  organs  are  as  in 
the  following  species,  save  that  the  stamens  diverge  still  more 
widely.  Many*  flowers  are  aggregated  together,  and  the  corymb 
i8  here  so  large  and  conspicuous  that  enlargement  of  the  marginal 
flowers  is  unnecessary.  The  flowers  are  much  less  visited  by 
insects  than  those  of  the  Guelder-rose,  and  I  have  never  found 
pollen-collecting   bees   upon   them.     It  would   be   premature   to 


1. —Flower,  from  the  front. 

2. — Ditto,  obliquely  from  the  front  and  side. 

3.— Ditto,  obliquely  from  behind,    (x  S^ 

conclude  from  this  that  the  strong  scent  of  the  flowers  is 
distasteful  to  bees,  for  I  have  frequently  found  bees,  and  even  the 
hive-bee,  visiting  Rvia  graveoleiis,  in  regard  to  which  Delpino 
advanced  the  same  opinion.  Fertilisation  is  effected  in  the 
same  way  as  in  the  previous  species ;  but  as  cross-fertilisation 
is  less  perfectly  insured,  self-fertilisation  takes  place  much  more 
freely,  pollen  falling  directly  upon  the  stigma  in  many  flowers. 

Visitors  :  A.  Diptera — {a)  Stratiomyidie :  (1)  Sargue  cuprarins,  L.  ;  (6) 
Syrphida :  (2)  Eristalis  arhustorum,  L. ;  (3)  E.  nemorum,  L.  ;  (4)  E.  tenax, 
L.  ;  (5)  E.  horticola,  Mgn.  (Sid.)  ;  (6)  Volucella  pellucens,  L.,  all  f.p.  B. 
Coleoptera — LamelUcomia :  (7)  Cetonia  aiirata,  L.  (Sid.)  ;  (8)  Trichius 
fasciatus,  L.,  both  of  these  beetles  feed  on  the  petals  and  other  parts  of  the 
flower,  and  are  therefore  more  destructive  than  useful.     See  also  No.  590,  iii. 

.  Sambiiciis  Ebulm,  L.— The  flowers  are  visited  on  the  Alps  by 
hive-bees,  humble-bees,  and  Syrphidae  (Vohicella)  (609,  p.  392); 
in  Low  Germany  by  Diptera  (590,  ill.). 
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200.  Viburnum  Opulus,  L.— The  flowers  are  aggregated  in  a 
flat  corymb,  whose  marginal  flowers  have  the  petals  greatly  enlarged 
at  the  expense  of  the  essential  organs.  They  thus  attain  conspicuous- 
ness,  useless  to  themselves,  but  of  the  highest  importance  to  the 
community,  as  Sprengel  correctly  explained  (702,  p.  159).  When 
the  flowers  expand  (Fig.  98,  2)  the  anthers  have  already  begun  to 
dehisce,  and  the  stigmas  are  already  so  far  developed  that  if  pollen 
be  applied  to  them  it  adheres  easily  and  in  large  amount.  Shortly 
afterwards  the  anthers  become  covered  all  round  with  pollen,  and 
protrude,  diverging,  from  the  flower,  while  the  stigmas  remain  in 
the  base  of  the  flower  close  above  the  ovary,  whose  upper  surface 
secretes  honey.  The  honey  is  fully  exposed,  and  forms  a  flat, 
adherent  layer,  so  that   it  is  only  attractive  to  flies  and   other 


Fhj.  9S. — Viburnum  Oj.ulu$.  li. 

1.— Marginal  flower,  from  above,  showing  rudimentary  pistil  and  stamens  (x  2^). 

2. — Fertile  flower,  soon  after  expansion  ( x  4  3). 

S.— Ditto,  after  removal  of  the  anterior  part  of  the  corolla  and  stamens  (x  4|). 


short-lipped  insects ;  the  pollen  attracts  both  flies  and  pollen- 
collecting  bees;  the  white  colour  of  the  flowers  makes  them 
attractive  to  beetles,  some  of  which  are  very  destructive  visitors. 
The  most  frequent  visitors  and  the  most  efficient  fertilisers  are 
also  those  which  get  most  benefit  from  the  flowers,  viz.  flies, 
which  by  turns  suck  honey  and  feed  on  pollen.  As  each  flower 
contains  a  very  small  amount  of  honey,  the  insects  rapidly 
traverse  the  corymb;  and  they  repeatedly  eflfect  fertilisation, 
which  is  usually  cross-fertilisation,  since  in  each  flower  anthers 
and  stigmas  generally  come  in  contact  with  different  parts  of  the 
insect's  feet  or  proboscis.  In  absence  of  insects,  self-fertihsation  is 
not  impossible,  for,  in  spite  of  the  divergence  of  the  stamens,  the 
stigma  comes  to  lie  in  many  flowers  immediately  below  an  anther. 

u  2 
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Visitors  :  A,  Diptera— (a)  Syrphida  :  (1)  Eristalis  arbustoruin,  L,  ;  (2) 
R  nemorum,  L.  ;  (3)  E.  sepulcralis,  L. ;  (4)  E.  tenax,  L.  ;  (5)  Helophilus 
floreus,  L.  ;  (6)  H.  pendulus,  L.,  all  ab.,  s.  and  f.p.  ;  (6)  Muscidm :  (7)  Echino- 
myia  fera,  L.  B.  Hymenoptera— -4|)/cfa5 :  (8)  Halictus  sexnotatus,  K.,  c.p. 
C.  Coleoptera— (a)  Nitidulida :  (9)  Meligethes,  ab.  ;  (b)  Lamellicornia :  (10) 
Phyllopertba  horticola,  L.,  feeding  on  the  petals  and  other  parts  of  the  flower. 
See  also  No.  590,  in. 

201.  Symphoricarpos  racemosus,  Michx. — The  flowers  of  the 
Saowberry  seem  to  be  specially  adapted  for  wasps,  like  those  of 
ScrophtUaria.  The  corolla  is  pendulous,  bell-shaped,  and  of  a 
reddish  colour,  7  to  8  mm.  long  and  5  mm.  wide,  cleft  nearly  to 
the  middle  into  five  lobes.  A  wasp's  head  (5  mm.  broad,  2  to  2i 
mm.  thick)  can  be  conveniently  accommodated  in  it,  and  in  point 
of  fact,  wasps,  in  places  where  they  are  abundant,  are  the  most 

numerous  visitors  of  this  plant.  The 
wasp  hangs  below  the  flower,  thrusting 
in  its  head  and  licking  the  honey  which 
is  secreted  very  abundantly  by  the  fleshy 
swelling  at  the  base  of  the  style.  The 
honey  collects  in  the  base  of  the  flower 
and  on  the  inner  wall  of  its  dilated  lower 
^   .  portion  ;  it  is  prevented  from  flowing  out 

raeemoiu$,  Michx.    (2*.)  by  loUg  cloSC  hairS  UpOU    the  fivC   lobcS  of 

*-Stto! Vwrt1on~"  ^^"^ '*"**'     ^^^    corolla    extending    inwards    to    the 

centre  of  the  flower,  and  protected  from 
rain  both  by  these  hairs  and  by  the  obliquely  pendulous  position 
of  the  flower. 

In  the  lowest  part  of  the  hairy  lining,  viz.  that  nearest 
the  mouth  of  the  flower,  are  the  five  anthers,  which  dehisce 
introrsely  and  converge  towards  the  centre  of  the  flower;  the 
filaments  are  attached  to  the  corolla  near  its  middle.  Immediately 
above  the  hairs,  in  the  middle  of  the  flower,  stands  the  stigma, 
which  ripens  at  the  same  time  as  the  anthers.  As  the  wasp  thrusts 
its  head  wholly  into  the  flower,  it  comes  at  once  in  contact  with 
all  five  anthers  and  then  touches  with  one  side  the  stigma ;  but  on 
its  way  to  the  stigma  little  or  no  pollen  remains  attached  to  it,  partly 
because  the  pollen  is  very  slightly  adhesive,  and  partly  because  any 
grains  that  do  attach  themselves  are  brushed  oflF  before  they 
reach  the  stigma  by  the  hairs  lining  the  corolla.  It  is  only  when 
being  withdrawn  moistened  with  honey  that  the  insect'shead  acquires 
a  plentiful  coating  of  pollen  to  be  carried  to  the  stigma  of  the  next 
flower.     Thus,  in  case  of  wasps*  visits,  cross-fertilisation  is  insured  ; 
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iu  absence  of  insects,  self-fertilisation  cannot  well  occur  owing  to 
the  relative  positions  of  anthers  and  stigma. 

Visitors :  Hymenoptera — (o)  Vespidce :  (1)  Vespa  holsatica,  F.  ;  (2)  V. 
media,  Degeer  ;  (3)  V.  saxonica,  F.  ;  (4)  V.  rufa,  L.  ;  (5)  Polistes  gallica,  L. 
and  var.  diadema  ;  in  Thuringia  these  five  species  make  nine-tenths  of  all  the 
visitors  ;  in  Lippstadt,  where  wasps  are  much  less  abundant  and  Polistes  does 
not  occur,  the  honey-bee  preponderates ;  (6)  Odynerus  sp.,  bit  holes  in  the 
corolla  and  introduced  its  head  ;  (b)  Apida :  (7)  Apis  mellifica,  L.  ? ,  ab. ;  (8) 
Bombus  agrorum,  F.  9  >  (9)  B.  pratorum,  L.  9  »  (10)  B.  muscorum,  F.  9  >  ^1 
three  species  scarce ;  (1 1)  Eucera  longicomis,  L.  $ ;  (12)  Megachile  centun- 
cularis,  E.  (^,alls. ;  (13)  Halictus sexnotatus,  K.  $,  s.  and  c.p.  ;  (c)  Spk&^idm: 
(14)  Ammophila  sabulosa,  L.,  s.    See  also  No.  590^  in. 

Linncea  borealis,  Gron. — The  position  of  the  flower  shelters  the 
honey  from  rain,  and  hairs  on  the  interior  of  the  coroUa  exclude 
many  small  insects.  Five  purple  lines  on  the  interior  of  the 
corolla  and  a  patch  of  orange  colour  on  its  inferior  side,  near  the 
base,  act  as  honey-guides.  Cross-fertilisation  is  favoured  by  the 
position  of  the  stigma  in  advance  of  the  anthers  (609,  Fig.  158). 


Fio.  100.— Lonieera  Capri/oUum,  L. 

l.^FIower.  from  the  side.    Nat  siie.    The  flgnie  should  be  horizontal. 
2.— Ditto,  from  the  front. 


202.  LoNiCERA  Caprifolium,  L. — The  flowers  are  adapted  for 
fertilisation  exclusively  by  long-tongued  crepuscular  and  nocturnal 
Lepidoptera.    They  bloom  at  the  season  when  hawk-moths  are 
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most  abundant  (May,  June),  they  expand  and  exhale  their 
perfume  most  strongly  in  the  evening,  and  they  conceal  their 
honey  in  so  long  and  narrow  a  tube  that  Lepidoptera  alone  of  our 
iiative  insects  are  able  to  reach  it.  The  tube,  whose  inferior  fleshy 
part  secretes  honey  along  its  middle  line,  is  about  30  mm.  long, 
and  for  the  greater  part  of  its  length  only  1  to  2  mm.  wide,  and 
still  further  narrowed  by  the  style ;  while  the  longest  proboscides 
among  our  native  bees  measure  21  mm.  (Bomhcs  hortorum  and 
Anthophora  pilipes),  and  among  our  flies  only  11  to  12  mm. 
(Rhingia,  Bombyliiis  discolor).  Certainly  the  tube  becomes  filled 
to  past  the  middle  with  honey  so  that  even  insects  with  a  proboscis 
15  mm.  long  can  reach  part  of  it ;  but  this  depth  of  honey  is  only 
attained  in  the  evening,  when  bees  and  flies  have  ceased  to  seek 
their  food.  I  have  never  seen  bees  or  flies  sucking  on  this  honey- 
suckle ;  and  it  is  all  the  more  plentifully  visited  by  hawk-moths  on 
the  warm,  calm  evenings  of  May  and-  June.  I  caught  on  a  single 
plant  on  May  27  and  29,  1868  :— 

Lepidoptera — (a)  SphingidcB:  (1)  Sphinx  convolvuli,  L.  (65 — 80),  2  speci- 
mens ;  (2)  S.  ligustri,  L.  (37 — 42),  6  specimens  ;  (3)  S.  pinastri,  L.  (28 — 33), 
5  specimens  ;  (4)  Deilephila  elpenor,  L.  (20 — 24),  17  specimens  ;  (5)  D. 
porcellus,  L.  (20),  1  specimen ;  (6),  Smerinthus  tiliae,  L.  (23),  1  specimen ; 
{h)  Noctua :  (7)  Dianthoecia  capsincola,  S.  V.  (23 — 25),  2  specimens ;  (8) 
Cucullia  umbratica,  L.  $  (18—22),  2  specimens ;  (9)  Plusia  gamma,  L.  (15), 
1  specimen  ;   (c)  Bomhyces :  (10)  Dasychira  pudibunda,  L.  (0),  1  specimen. 

Smerinthics  tilice  and  Dasychira  pudibunda  which  have  com- 
pletely aborted  proboscides  were  doubtless  attracted  by  the  smell 
only,  without  having  anything  to  gain  from  the  plant;  Plusia 
gamma  might  sip  a  little  honey  from  untouched  flowers,  and  the 
four  preceding  species  might  drink  deeply,  but  only  the  first  three 
could  drain  the  honey.  I  examined  the  specimens  I  had  collected 
not  only  with  reference  to  the  length  of  their  tongues  but  also 
with  reference  to  the  extent  to  which  they  were  dusted  with 
pollen.  In  all  (except  the  two  last  short-lipped  species),  at  least 
the  hairs  upon  the  palps  which  cover  the  base  of  the  proboscis 
were*  richly  covered  with  pollen;  and  in  several  of  the  larger 
species  the  hairs  and  scales  on  the  whole  of  the  under  side  of  the 
body  from  the  head  to  the  middle  of  the  abdomen,  including  the 
proboscis,  antennae,  legs,  and  wings,  were  thickly  dusted.  The 
most  richly  coated  were  individuals  of  the  first  three  Sphingidse, 
which  had  flown  violently  away,  while  JJianth^iscia,  Cv^cullia,  and 
Plusia  were  the  least  so.  The  })ollen-grains  are  rounded  tetrahedra, 
;047  mm.  in  diameter;  they  adhere  to  the  hairs  and  scales  of  the 
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insect  and  afterwards  to  the  stigma  by  their  sticky  surface,  and 
by  the  aid  of  small,  sharp  processes  with  which  they  are  thickly 
covered. 

The  visits  of  the  above-named  Lepidoptera  result,  in  spite  of 
the  simultaneous  development  of  anthers  and  stigma,  regularly  in 
cross-fertilisation,  in  consequence  of  the  position  of  the  stigma  in 
advance  of  the  anthers.  The  stamens  project  about  15  to  18  mm. 
and  the  style  about  25  mm.  beyond  the  mouth  of  the  flower ;  both 
are  slightly  curved  upwards  at  their  ends,  and  the  pollen-covered 
faces  of  the  anthers  are  turned  upwards.  Lepidoptera,  whether 
they  alight,  or  suck  the  honey  while  poised  in  the  air,  must 
touch  first  the  stigma  and  then  the  anthers  with  their  ventral 
surfaces. 

On  warm,  calm  evenings,  insect-visits  are  so  abundant  that  on 
the  following  day  all  the  flowers  are  found  to  have  had  their  pollen 
entirely  removed.  On  the  other  hand,  on  days  following  cool, 
windy  evenings,  the  flowers  display  abundant  pollen,  which  is  then 
gathered  by  bees  and  flies. 

On  such  days  I  have  found  the  honey-bee  and  Hnlidus 
sexnotntm,  K.  ?,  busy  collecting,  and  several  Syrphidae,  JCylota 
ser/nw,  L.,  Rhingia  roatrata^  L.,  and  Syrphits  ochrostoma,  Zett.,  busy 
feeding  on  the  pollen  which  remained  upon  the  anthers.  These 
secondary  visitors  occasionally  effV^ct  fertilisation,  but  they  must 
perform  self-fertilisation  as  readily  as  cross-fertilisation,  and  at  any 
rate  the  flower  has  not  been  adapted  for  them. 

Zonicera  cceindca,  L. — The  yellowish-white  flowers  are  adapted 
for  humble-bees,  by  which  they  are  chiefly  visited  and  fertilised. 
The  tube  is  over  10  mm.  long  and  pendulous.  The  stigma  stands 
well  in  advance  of  the  anthers,  favouring  cross-fertilisation  ;  but  in 
the  absence  of  insects,  pollen  may  easily  fall  on  the  stigma  and 
effect  self- fertilisation  (609). 

Zonicera  Peridymenum,  L. — The  general  structure  of  the  flower 
resembles  that  of  Z,  Gaprifolium,  and  the  plant  is  visited  and  fer- 
tilised by  the  same  hawk-moths.  The  tube,  however,  is  only 
22  to  25  mm.  long,  so  that  the  honey  as  soon  as  it  has  collected 
to  the  depth  of  a  few  millimetres  is  accessible  to  many  of  our  bees. 
On  July  17,  1867,  I  saw  Bomhus  hortonim,  L.  ?  (21  mm.),  sucking 
honey  from  some  flowers  of  i.  Fericlymenum,  The  bee  wasted 
considerable  time  in  obtaining  a  convenient  position  for  sucking, 
and  it  crawled  from  the  broad  upper  lip  to  the  mouth  of  the  tube 
without  touching  the  stigma  and  anthers;  and  the  amount  of 
honey  it  obtained  must  have  been  small,  for  after  visiting  a  few 
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flowers  it  flew  away,  though  the  plants  were  in  full  bloom.  Bees, 
therefore,  are  only  accidental  visitors,  which  have  had  no  influence 
in  developing  the  special  characters  of  the  flower.^ 

203.  LoNiCERA  TATARICA,  L. — Honey  is  secreted  and  lodged  in 
the  shallow  pouch  at  the  base  of  the  tube,  which  is  6  to  7  mm.  long. 
Stigma  and  anthers  are  matured  simultaneously,  and  protrude  from 
the  flower  in  close  proximity  with  one  another,  the  stigma  being 
slightly  overtopped  by  the  anthers.  An  insect-visitor  inserts  its 
head  between  the  anthers  and  stigma,  and  so  dusts  one  side  with 
pollen  while  the  other  comes  in  contact  with  the  stigma.  The 
flowers  stand  unsymmetrically  in  pairs,  causing  the  insect's  head  to 
enter  in  various  positions  and  so  favouring  cross-fertilisation.  When 
the  stigma  is  thrust  aside,  its  opposite  side  usually  comes  in  contact 
with  those  anthers  which  are  not  touched  by  the  insect's  head,  and 
it  thus  becomes  dusted  simultaneously  with  the  pollen  of  its  own 
flower.  Flowers  are  frequently  found  in  which  the  stigma  is  in 
close  contact  with  one  or  two  anthers,  and  self-fertilisation  doubtless 
often  takes  place  in  absence  of  insects. 

Visitors  :  A,  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  § ,  s.,  ab. ;  (2) 
Megachile  centuncularifl,  L.  cJ ,  s.  ;  (3)  Andrena  albicans,  K.  9 » tries  in  vain 
to  reach  the  honey.  B.  Diptera^5yrp/<iV/rp ;  (4)  Rhingia  rostrata,  L.,  s.  and 
f.p.,  very  ab. 

Lonicera  nigra,  L. — This  species  is  adapted  for  bees,  which  alight 
not  on  the  under  lip,  which  is  bent  backwards  out  of  the  way,  but 
on  the  style  and  stamens.  The  flowers  are  homogamous.  The 
stigma  stands  below  the  anthers,  and  in  absence  of  insects 
self- fertilisation  must  occur  (609,  Fig.  159). 

204.  Lonicera  Xylosteum,  L. — Honey  is  secreted  and  lodged 
as  in  Z,  tatarica,  but  the  tube  is  only  3  to  4  mm.  long.  The  anthers 
and  stigma  are  matured  simultaneously  and  project  far  beyond  the 
mouth  of  the  flower  ;  the  former  are  divergent  and  stand  at  a  dis- 
tance from  the  stigma.  Humble-bees  thrust  their  heads  some- 
times to  one  side  sometimes  to  the  other,  sometimes  above  some- 
times below  the  anthers,  and  in  the  course  of  repeated  visits  they 
dust  their  heads  (or  head  and  thorax)  all  round  with  pollen.  In 
each  flower  one  side  of  the  bee's  head  touches  the  stigma  and  the 
other  the  anthers,  so  that  cross-fertilisation  proceeds  regularly.  I 
have  never  found  flowers  in  which  the  anthers  stood  in  immediate 

^  See  No.  590,  iii.  p.  75,  for  a  case  of  atavism  in  this  species. 
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contact  with  the  stigma ;  but  in  the  absence  of  insects,  self- 
fertilisation  may  result  in  many  flowers  by  pollen  falling  upon  the 
stigma. 

ViBitore  ;  A.  Hymenopttni— ..4pi(/(p  :  (1)  Apis  mellifica,  L.  <},  veryab.,  s.  j 
(2)  Bombua  muscorum,  F.  5 ,  b.  ;  (3)  B.  ptatorum,  L.  ?  ,  a.  B.  Diptera— (a) 
E'ltpMiF  :  (4)  Empia  opaca,  F.,  b,,  ah, ;  (6)  Syrphida :  (S)  Bhingia  rostrftta,  L., 

The  chief  fertilisera  are  humble-bees,  since  they  never  insert 
their  tongues  into  a  flower  without  touching  stigma  and  anthers 
with  opposite  sides  of  the  head  ;  while  flies  and  the  honey-bee 
never  touch  the  stigma  at  all  in  many  flowers. 

Loniixra  alpigcna,  L. — This  sjwcies  ia  fertilised  by  bees  and 
humble-bees,  and  also  still  more  frer[uently  by  wasps.     It  resembles 


other  wasp-ferlilised  flowers  {Scrophularia,  Si/vipkoricarpos,  Epi- 
paciw  paltislris)  in  having  an  expanded  pouch-lifce  honey-receptacle 
contiiining  an  unusually  large  supply  of  honey,  and  it  is  just  wide 
enough  to  admit  a  wasp's  head  easily.  The  flower  is  reddish-brown 
in  colour,  like  that  of  Seropkularia  (6og). 
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Weigelia  {Diervilla)  rosea,  L. — The  flower  is  adapted  for  bees, 
and  undergoes  a  change  of  colour  after  fertilisation  like  Ribes 
aureum  (S90,  III.). 


REVIEW  OF  THE  CAPRIFOLIACRfi. 

The  small  group  of  Caprifoliacece  is  remarkable  for  the  great 
variety  of  visitors  to  which  nearly  related  plants  have  adapted 
themselves,  chiefly  by  diflferences  in  the  length  of  the  tube. 
Zonicera  Caprifolium,  L.,  with  a  tube  about  30  mm.  long,  permits 
only  a  few  Lepidoptera  to  reach  the  honey;  Z.  Periclymenum ,  L., 
in  which  the  tube  is  only  20  mm.  long,  admits  also  a  few  specially 
long-tongued  bees ;  Z,  ccendea,  L.,  with  a  pendulous  corolla  and  a 
tube  over  10  mm.  long,  is  adapted  for  humble-bees ;  in  L,  tatarica, 
L.,  and  L.  Xylosteum,  L.,  the  length  of  the  tube  falls  to  7  to  3  mm. 
and  certain  long-tongued  flies,  in  addition  to  a  larger  company 
of  bees,  visit  and  fertilise  the  flowers ;  the  short,  wide  honey- 
receptacles  of  Sympfioricarpos  and  Lonicera  alpigena,  L.,  are  easily 
accessible  even  to  wasps,  which  are  attracted  in  great  numbers  by 
the  large  supply  of  honey  ;  Linncca  is  furnished  with  an  infundi- 
buliform  corolla,  but  apparently  attracts,  for  the  most  part,  flies ;  in 
Viburmtm  the  honey  is  freely  exposed,  but  only  as  a  flat,  adherent 
layer,  and  the  plant  is  visited  chiefly  by  short-lipped  insects,  e.g. 
flies  and  beetles ;  Samhucus  attracts  a  similar  set  of  insects,  which 
are  less  varied  and  fewer  in  number  owing  to  the  absence  of 
honey;  Adoxa  attracts  only  minute  honey-seeking  insects.  In 
case  of  insect-visits,  cross-fertilisation  is  insured  in  all,  but  in  very 
various  wavs ;  self-fertilisation  in  the  absence  of  insects  is  rendered 
possible  in  those  species  which  are  least  visited.  In  the  least 
specialised  and  most  generally  accessible  CaprifoHace»  (Adoxa, 
Savihiicus,  &c.)  the  flowers  are  white  or  greenish ;  in  those  species 
fertilised  by  wasps  they  are  reddish  (Symphoricarpos)  or  reddish - 
brown  (Lonicera  alpigena,  L.) ;  in  several  species  of  Lonicera  fer- 
tilised by  bees  (e.g.  L,  tatarica)  they  are  bright  red,  in  L.  coBruUa 
they  are  yellowish-white,  but  they  are  pale  in  those  species  which 
have  the  longest  tubes  and  are  adapted  for  crepuscular  Lepidoptera 
(L.  Periclymenum,  L.  Capinfolixim). 
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Obd.  RUBIACEJE. 

205.  Galium  Mollugo,  L. — A  fleshy  disk  lying  upon  the  ovary 
and  surrounding  the  base  of  the  style  secretes  honey,  but  in  such 
small  amount  that  it  remains  adhering  in  a  very  thin  layer  to  the 
disk.  In  young  flowers  (Fig.  104,  1)  the  anthers  stand  erect  and  are 
covered  all  round  with  pollen,  while  the  two  stigmas  as  yet  lie 
close  together.  Afterwards  the  stamens  spread  out  horizontally, 
and  finally  their  ends  curve  downwards  between  the  petals  outside 
the  flower,  while  at  the  same  time  the  two  styles  diverge  (Fig.  104,  2). 
The  stigmatic  papillae  seem  to  be  as  well  developed  in  the  first 
period  as  in  the  second,  and  are  not  unfrequently  covered  with 
pollen  while  the  stigmas  still  stand  close  together.    The  movement 


:-:w^ 


Fio.  104.— OaKum  Mollugo,  L. 

1. — Toung  flower,  with  staxnens  and  styles  erect. 

2.— Older  ditto.    The  stamens  are  bent  out  of  the  flower,  and  the  styles  have  separated. 

8.— Centj'e  of  tiie  flower,  from  above,  more  magnifled. 

a,  two  stigmas ;  b,  fleshy  disk  above  the  ovary. 


of  the  stamens  seems  therefore  not  to  be  accompanied  by  dichogamy, 
but  to  be  the  sole  contrivance  to  prevent  self-fertilisation  and,  in 
case  of  insect-visits,  to  insure  cross-fertilisation. 

The  thin  layer  of  honey  can  scarcely  tempt  long-tongued  insects 
to  repeated  visits.  The  colour  of  the  flowers, — ^yellowish-white  in 
the  bud  and  in  the  young  flower,  becoming  purer  white  afterwards, 
— seems  to  repel  all  those  insects,  e.g.  beetles,  which  are  only 
attracted  by  bright  colours.  In  this  relation  a  comparison  of  the 
insect-visitors  of  G.  Molhcgo  and  G.  verum  is  instructive. 

In  this  and  the  following  species  of  Galium  the  pollen  is  con- 
veyed to  the  stigma  chiefly  by  the  feet  and,  in  a  less  degree,  by 
the  proboscides  of  insects  creeping  over  the  inflorescence. 

Visitors  :  A.  Diptera — (a)  StratiomyidcB :  (1)  Odontomyia  viridula,  F.,  Lh., 
not  rare  ;  (6)  Bombylida :  (2)  Anthrax  flava,  Hffs.  (Thur.),  do.  ;  (3)  Systoe- 
chus  sulfurens,  Mik.  (Thur.,  Sid.),  s.,  probably  boring  into  the  nectary  ;  (c) 
SyrphicUx :  (4)  Syritta  pipiens,  L.,  ab.,  s.  and  f.p. ;  (6)  Syrphus  ribesii,  L.,  a. 
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And  Ip.,  not  rare  ;  (rf)  Mutdda :  (6)  MuBca  corrinii,  F.  (  (7)  Scatophaga 
meidaria,  F.,  a.  ;  (e)  Tipulida ;  (8)  Pachyrrhiiia  crocata,  L.,  a.  R  Hyme&optera 
— SphegiJa;  (9)  Ammophila  sabuloea,  L.  ^,  once  only, — I  could  not  aee 
whether  it  gained  anything  from  the  flowera.    See  also  No.  590,  iii. 

Galium  sUvestre,  Poll. — This  species  resembles  Q.  MoUugo  in 
the  mechanism  of  its  flower;  it  is  frequented  on  the  Alps  by 
Syrphidffi  and  by  numerous  Lepidoptera  (No.  609,  Fig.  156). 

206.  Galium  terum,  L. — The  structure  of  the  flower  agrees 
closely  with  that  of  G.  Mollugo.  Different  individuals  show  a  very 
marked  difference  in  the  size  of  their  flowers  (Fig.  105, 1 — 4) ;  hut 
since  the  flowers  are  rendered  conspicuous  merely  by  aggregation, 
a  diminution  in  their  size  does  not  diminish  the  number  of 
insect-visitors  so  seriously  as  it  does  in  most  cases.  The  apparently 
unimportant  circumstance  that  the  flowers  are  bright  yellow,  and 
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Fw.  lOJ—OuJiuB  tin.-",  L 

1.— Tonng  Boner,  of  i  Hnill-floKond  plant  (x  T).  Tho  HDthcn  at  tnct,  and  covered  with 
pollsn  ;  till  iHicina  la  not  ;et  mnton. 

I.— Older  flower,  or  tlio  laioa  plant.  The  thrivelled  ftutlHra  an  lient  out  ot  tba  Hover;  Uu 
■tlguiu  are  mature  and  divergent. 

9.— FloHer.  of  alarKe-euHeied  plant  j  older  tban  1,  but  youngar  than  I  (  x  Tl. 

4.-'Ditta,  tnin  the  itde. 

not  yellowish- white   as  in  0.  Mollugo,   leads  to  the  plant  being 
visited  by  Coleoptera  in  addition  to  the  other  orders. 

G.  rerum  is  very  scarce  near  Lippstadt,  and  I  have  only 
watched  its  flowers  once  or  twice  in  Thurin^a  and  in  Sauerland,  so 
I  have  not  obtained  a  long  list  of  insect-visitors. 

A,  Diptera— (a)  Connpida:  (1)  Conops  flavipes,  L.  (Sid.);  (6)  Muteida: 
(2)  Ulidia  erythrophthalma,  Mgn.,  ali.,  l.h.  (Th.).  B.  Coleoptera— (a)  Lamelli- 
i-omia:{3)  Cetoniaaurata,  L.,  ab.  (Th.)  ;  (6)  Elattridte:  (4)  Agriote«  gallicua, 
Lap.  (Th.)  ;  (c)  Mordtilida :  (5)  MordeUa  foaciata,  F.  (Th.)  ;  (6)  M.  aculeata, 
L.  (Th.).  C.  Hytnenopteia—TenthretlinUIte:  (7)  Tenthredo  rapw,  K.  (Sid.). 
See  alBO  No.  590, 111. 

Galium  ioreale,  L. — This  species  threes  with  G.  silvestre  in  regard 
to  the  position  of  its  honey,  its  imperfect  proterandry,  the  relative 
positions  of  stamens  and  pistil,  and  therefore  also  in  the  probability 
of  cross-fertilisation  in  case  of  insect-visits,  and  the  possibility  of 
self-fertilisation  in  absence  of  insects  (590,  609). 
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Galium  boreale,  L.,  palvMre,  L,,  and  uliginosum,  L.,  are  all  stated 
by  Axell  to  be  proterandrous  (17). 

GkUium  tricome,  With. — Honey  is  abundant,  but  the  small 
isolated  flowers  are  very  inconspicuous  and  very  little  visited. 
They  cannot  dispense  with  the  power  of  self-fertilisation,  which 
takes  place  regularly,  as  the  stamens  do  not  curve  outwards  till 
they  wither  (590,  III.).^ 

207.  AsPERULA  CYNANCHICA,  L. — Honey  is  secreted,  as  in 
Galium,  by  a  fleshy  ring  surrounding  the  base  of  the  style,  but  it 
exists  not  as  a  smooth  adherent  layer  but  filling  up  the  base  of  the 
tube  ;  the  latter  is  2  mm.  long.  Anthers  and  stigmas  mature  sim- 
ultaneously.    The  two  stigmas  stand  close  together  in  the  middle  of 


Fio.  106.—A$perula  eynanehica,  L. 

1. — Flower,  with  smooth  white  petals,  from  above  (x  7). 

2. — Ditto,  after  removal  of  half  of  the  corolla. 

8.— Ditto,  with  rough  petals,  marked  with  red  lines. 

4.— Ditto,  f^m  above. 

09,  ovary ;  «,  nectary ;  «t,  stigma ;  a,  anther. 


the  tube;  the  anthers  converge  towards  one  another  in  the  throat  of 
the  corolla.  In  case  of  insect-visits,  cross-fertilisation  is  favoured 
by  this  condition  only,  that  in  consequence  of  the  convergence  of 
the  anthers  the  proboscis  of  an  insect-visitor  is  less  readily  dusted 
with  pollen  in  entering  a  flower  than  in  being  drawn  out,  and  also 
that  the  proboscis  usually  comes-  in  contact  with  pollen  on  one  side 
only  and  rubs  the  stigma  with  the  opposite  side  (cf.  ifyosotis). 
In  absence  of  insects,  self-fertilisation  occurs  by  part  of  the  pollen 
falling  on  the  stigma.  On  sunny  slopes  in  Thuringia  (Miihlberg,  near 
Erfurt)  I  found  this  species  bearing  two  diflferent  forms  of  flowers. 
Many  plants  had  smooth,  white,  somewhat  obtuse  petals  (Fig.  106, 

^  The  following  additional  species  of  Galium  are  discussed  in  No.  590,  in.  :  O. 
aaxatilt,  L.  ;  O,  silvaticumf  L. 
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1,  2) ;  on  other  plants,  the  petals  were  rough  on  the  upper 
surface,  marked  with  a  ted  elliptic  line,  and  with  another  red 
line  traversing  the  long,  axis  of  the  ellipse,  and  were  produced  at 
the  end  into  a  slightly  recurved  point. 

Visitors  r  A.  Hymenoptern — Aptda:  (I)  Bombua mugcorum,  F.  5  (Thur^ 
July  B,  1872),  8.  B.  Dipien—Bombylida: :  (2)  Syatrochua  Bulfureus,  Mik., 
B.  (Thur.,  July  14,  1868).  Additional  visitors  (four  beetles,  sii  flies,  two  Lepid- 
optcra)  are  enumerated  in  No.  590,  ill. 


iphroditB  Hover,  rrucu  t>in  Bide. 

iphrndite  Snwar,  ■  lUi  the  lobe  of  tlis  coralU  moluU,  the  lUgmu  marc  ciHrtsd,  ud 
u,  whaa*  itlgmu  overtop  Uis  bUck  >lirlv(l]«d  uUien  ou  which  ■  ran  |i«tl<n-gniu 
■Ilsirwillimd^  llo«er,  In  whLch  th»  itjlu  projsct  itlll  further. 
Isclh,  C:vDi  Um  lids,    (x  T.> 


If  Buwer. 
(Chnmolilrn.  diy  31,  iar».) 


Aaperula   tanrina,   L. — This  plant  is  adapted   for   nocturnal 
Lepidoptera  by  its  white   colour,  and  hy  its  long,  narrow  tube, 
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9  to  11  mm.  long.  The  plant  is  andromonoecious,  and  the  herma- 
phrodite flowers  are  markedly  proterandrous  (609). 

Asperula  azurea  is  adapted  for  diurnal  Lepidoptera  (S90,  III). 

Asperula  odarata,  L. — In  the  structure  of  the  flower  and  the 
length  of  the  tube  this  species  closely  resembles  A.  cyruinchica. 
The  hive-bee  is  a  frequent  visitor.  Additional  visitors  (four  beetles, 
four  flies,  one  moth)  are  enumerated  in  No.  590,  III. 

Sherardia  arvensis,  L.,  is  gynodioecious  (590,  III.,  605). 

Mancttia,  Mut.,  is  very  diligently  visited  by  humming-birds  in 
South  Brazil  (360). 

Caffea  arahica,  L.,  according  to  Bemouilli,^  produces  in  Guate- 
mala, at  the  beginning  of  the  season,  small  pistillate  fertile  flowers. 
Prof.  Ernst  was  unable  to  discover  these  small  flowers  at  Caracas 
(224). 

Brazilian  species  of  Borreria,  Hedyotis,  and  Manettia  are  dimor- 
phic (Fritz  Mliller,  353);  Hedyotis  had  already  been  shown  to  be 
dimorphic  by  Treviranus  (742). 

Mitchella,  Knoxia,  and  Cinchona  are  dimorphic  according  to 
Darwin  (154,  167). 

Chasalia,  Nertera,  Ophiarrhiza,  and  Luculia  are  dimorphic 
according  to  Kuhn  (399). 

Other  heterostyled  Rubiacese  are  mentioned  by  Darwin  in  his 
Forms  of  Flowers,  where  he  also  discusses  the  passage  from 
heterostyly  to  duecism  in  this  order. 

Faramca,  Aubl. — My  brother  Fritz  Mliller  (554)  gives  an  account 
of  a  dimorphic  species  of  this  genus,  which  is  of  interest  in  several 
respects.  (1)  It  affords  the  only  known  instance  of  a  striking  dif- 
ference in  the  character  of  the  surface  of  the  two  kinds  of  pollen- 
grains.  The  smaller  pollen-grains,  which  are  produced  in  the 
long- styled  flowers  (whose  anthers  are  inclosed  in  the  tube),  are 
smooth ;  the  larger  pollen-grains  of  the  exserted  anthers  of  the 
short-styled  flowers  are  covered  with  short,  rather  close  points, 
which  prevent  their  being  dispersed  by  a  puff  of  wind.  The  pollen 
of  the  long-styled  flowers,  lying  low  down  in  the  corolla,  is  in  no 
danger  of  being  blown  away.  (2)  In  the  short-styled  form  the 
stamens  twist  round  upon  their  axes,  so  as  to  turn  their  pollen- 
covered  faces  outwards.  The  short  stamens  (of  the  long-styled 
flowers)  do  not  rotate  but  dehisce  on  their  inner  sides ;  and  in  both 
cases  the  pollen  is  thus  placed  in  the  best  position  for  adhering  to 
an  insect's  proboscis  when  inserted  in  the  flower.  But  it  is  a 
very  remarkable  fact  that  this  faculty  of  rotation  is  by  no  means 

>  JBot.  ZeUung,  1869,  p.  17. 
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perfect,  for  many  of  the  long  stamens  do  not  twist  properly,  and 
to  a  great  extent  waste  their  pollen. 

Posoqueria  {Martha)  fragrans,  Roxb.,^  has  been  described  by  my 
brother  Fritz  Miiller  (549).^  It  affords  a  most  remarkable  example 
of  adaptation  to  Sphingidas.  The  white  colour  of  the  flowers,  their 
strong  perfume,  the  long,  narrow  tube  11  to  14  cm.  long,  all  point 
it  out  as  such.  The  abundant  honey  at  the  base  of  the  tube  can 
only  be  reached  by  the  tongues  of  SphingidsB ;  and  only  these 
insects,  e.g.,  S.  rustica,  L.,  whose  proboscis  is  15  mm.  long,  have 
been  seen  to  visit  the  flower  (F.  Miiller,  Oct.  1873). 

The  five  exserted  anthers  are  united  into  an  oval  knob  directed 
obliquely  downwards  and  containing  the  loosely  coherent  pollen 
which  escaped  from  the  anthers  before  the  expansion  of  the  flower. 
The  filament  of  the  inferior  stamen  possesses  a  very  great  elastic 
tension  acting  upwards,  those  of  the  superior  and  lateral  stamens 
have  a  similar  tension  outwards.      The  insect's  proboscis  has  only 
one  available  point  at  which  to  enter  the  flower,  and  when  in  doing 
so  it  touches  one  of  the  superior  stamens  at  a  certain  spot  the 
tension  of  the  filaments  is  released.     The  inferior  stamen  springs 
up  with  such  violence  that  it  hurls  the  loosely  coherent  pollen 
against  the  insect's  proboscis  at  an  angle  of  50°  with  the  tube  of 
the  corolla,  and  with  an   initial   velocity  of   about   3   mm.    per 
second ;  at  the  same  time  it  closes  the  entrance  of  the  tube.      The 
superior  and  lateral  stamens  spring  at  the  same  time  to  the  sides, 
the  empty  anthers  of  a  superior  and  a  lateral  stamen  remaining 
coherent   on   either   side.      About  twelve   hours   afterwards  the 
inferior  stamen  extends  itself  again  and  leaves  the  entrance  to  the 
honey  open  once  more.     If  a  hawk-moth,  after  exploding  a  flower 
in  the  male  stage,  comes  to  one  in  the  stage  under  consideration, 
it  is  repaid  for  its  startling  reception  in  the  former  case  by  a  rich 
supply  of  honey ;  and  in  thrusting  its  pollen-dusted  proboscis  down 
to  the  base  of  the  flower  it  brings  it  in  contact  with  the  stigma 
which  stands  in  the  middle  of  the  tube. 

My  brother,  in  his  paper  on  Faramea  (554),  refers  again  to 
Posoqiceria,  and  points  out  that  most  of  the  flowers  (whose  only 
fertilisers  are  abroad  in  the  evening)  open  towards  evening,  but 
that  a  considerable  number  open  at  various  hours  of  the  day, 
sometimes  even  in  early  morning,  and  that  these  are  exploded 
by   diurnal    insects   which    cannot   effect   fertilisation.      This   is 

*  Grijilhia  fragrans,  W.  A. 

-  Darwin  wrote  to  me  :    **  Your  brother's  paper  on  Martha  is,  1  think,  one  of  the 
moat  wonderful  ever  written." 
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another  interesting  case  of  an  adaptive   modification  imperfectly 
attained. 

The  Rubiaceae  include  more  dimorphic  (hcterostyled)  genera 
than  any  other  order.  Darwin  (167)  discusses  many  of  these 
cases,  enumerating  seventeen  dimorphic  genera,  in  addition  to  which 
Chasalia,  Commers.,  Ophiorrhiza,  L.,  and  LuciUia,  Sweet,  are  men- 
tioned by  Kuhn  (399).  Darwin  discusses  the  probable  transition 
from  heterostylism  to  dicecism  in  Rubiaceae.  Mitchella,  L.,  which  is 
normally  heterostyled,  is  in  some  places  dioecious  (Meehan,  465). 
Asperula  scoparia,  Hook.,  and  A.  pusilla.  Hook.,  two  Tasmanian 
species,  were  stated  by  Treviranus  (742)  to  be  dimorphic,  but 
according  to  Darwin  the  former  at  any  rate  is  dioecious.  Our  own 
Asperula  taurina,  L.,  and  Galium  cruciatuni,  With.,  are  both 
andromonoecious,  and  Sherardia  arvensis,  L.,  is  gynodioecious  (605). 


Oao.  VALERIAXEJS, 

Delpino  in  his  work  on  the  Artemisiaceae  rightly  insists  that  the 
calyx  in  Compositae  could  only  become  transformed  into  a  pappus 
after  the  involucral  bracts  had  assumed  the  usual  functions  of  a 
calyx ;  and  he  considers  the  ValerianesB  to  be  offshoots  of  the  Com- 
positae, which  have  in  part  retained  this  hereditary  development  of 
a  pappus,  and  in  part  have  acquired  other  means  of  dissemination 
of  the  seeds  by  the  wind. 

208.  Valeriana  officinalis,  L.,^  is  distinctly  proterandrous. 
The  florets,  in  spite  of  their  small  size,  are  rendered  conspicuous  by 
aggregation.  In  each  floret  the  tube  is  4  to  5  mm.  long,  and  half 
a  millimetre  from  the  base  is  a  small  pouch  with  a  green,  fleshy 
floor,  which  secretes  and  lodges  the  honey;  this  is  accessible  to 
numerous  insects  with  moderately  short  proboscides,  especially  as 
the  tube  widens  above  to  a  diameter  of  2  mm.  Insect-visits  are 
numerous  and  various,  and  the  well-marked  dichogamy  ensures 
cross-fertilisation  in  case  of  insect-visits.  In  the  first  period  the 
anthers,  covered  all  round  with  pollen,  in  the  second  the  three  out- 
spread stigmas,  project  freely  from  the  flower,  and  are  touched  by 
the  feet  and  under  surfaces  of  insects  creeping  over  the  inflorescence 
and  by  the  heads  of  insects  sucking  honey  from  the  florets ;  in  the 
second  period  the  anthers  are  bent  away  outside  the  floret.  I 
have  never  seen  florets  which  fertilised  themselves ;  stigmas  which 

*  ComiMire  Spretigel,  No.  702,  pp.  63-65. 
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come  in  contact  with  the  anthers  of  neighbouring  flowers  are,  on  the 
other  hand,  not  uncommon. 

Visitors  :  A.  Hymenoptera — ApidoR :  (1)  Apis  mellifica,  L.  ^  >  ab.  ;  (2) 
Bombus  pratonim,  L.  § ,  s.  ;  (3)  a  small  Halictus,  ?  (J ,  s.  B.  Diptera — (a) 
Tahanidce :  (4)  Tabanus  luridus,  Pz. ;  ih)  Empidee :  (5)  Empis  livida,  L. ;  (6) 
E.  mstica,  F.,  both  species  very  ab.,  s. ;  (c)  SyrphidcR :  (7)  Eristalis  nemorum, 
L.  ;  (8),  E.  arbustorum,  L.  ;  (9)  E.  sepulcralis,  L.  ;  (10)  E.  horticola,  Mgn. 
(Sid.)  ;  all  four  species  ab.,  f.p.  ;  (11)  Volucella  bombylans,  L. ;  (12)  Helo- 
philus  floreus,  L.  ;  (13)  H.  pendulus,  L. ;  (14)  Syritta  pipiens,  L. ;  (15)  Chry- 
sotoxum  festivum,  L.,  all  sometimes  s.,  sometimes  f.p  ;  {d)  Conopidas :  (16) 
Sicus  femigineus,  L.,  s. ;  (e)  Afuscidce :  (17)  Sarcophaga  camaria,  L.  ;  (18) 
Onesia  lioralis,  E.  D. ;  (19)  Lucilia  comicina,  F.  ;  (20)  Musca  domestica,  L.  ; 
(21)  Calliphora  erythrocephala,  Mgn. ;  (22)  C.  vomitoria,  L.,  all  ab.,  s.  3ee 
also  No.  590,  ni.  I  have  found  it  visited  oh  the  Alps  by  one  beetle,  sixteen 
species  of  Coleoptera,  and  fifteen  Lepidoptera  (609). 

209.  Valeriana  dioica,  L.^ — Honey  is  secreted  as  in  the 
previous  species,  but  cross-fertilisation  is  ensured  not  by  dichogamy, 
but  by  dioecism.  The  male  flowers,  being  notably  larger  than  the 
female,  are  almost  always  visited  first  by  the  insect,  as  I  have 
repeatedly  observed.  Sprengel  insisted  rightly  that  in  this  order 
alone  could  the  insect-visits  be  useful  to  the  plant.  In  the  male 
florets  the  tube  is  21  to  3^  mm.  long,  widening  above ;  in  the 
female  it  is  only  1  mm.  long,  so  that  in  both  the  honey  is  accessible 
to  insects  with  very  short  proboscides.  The  capitulum  is  much 
less  conspicuous  than  in  V.  officinalis,  but  the  flowering  period  is 
so  early  that  the  plant  is  exposed  to  much  less  competition.  Insect- 
visitors  are  less  various  than  in  the  previous  case,  but  still  fairly 
numerous.  In  this  plant  there  are  four  kinds  of  individual^  with 
four  different  kinds  of  flowers :  (1)  male  flowers  without  any  rudi- 
ment of  a  pistil,  and  with  large  corollas ;  (2)  male  flowers  with 
a  rudimentary  pistil,  and  a  somewhat  smaller  corolla ;  (3)  fem^e 
flowers  with  evident  traces  of  anthers,  and  with  still  smaller  corollas ; 
(4)  female  flowers  with  scarcely  visible  traces  of  anthers,  and  with 
the  smallest  corollas  of  all  (No.  584,  p.  131). 

Visitors  :  A.  Hymenoptera — Apidce :  (!)  Apis  mellifica,  L.  9  >  ^  ,  very  ab.  ; 
(2)  Andrena  albicans,  K.  9>  fre<l-  B.  Diptera — (a)  Syrphidai:  (3)  Eristalis 
arbustonim,  L.,  s.  ;  (4)  Rhingia  rostrata,  L.,  f.p.  ;  (6)  Tipulida :  (5)  Tipula, 
sp.,  8.  C.  Lepidoptera — Rhopalocera:  (6)  Pierisnapi,  L.,s.  D.  Coleoptera — 
Nitidulidm  :  (7)  Meligethes,  very  ab. 

Valeriana  Tnontana,  L.,  is  gynodioecious,  some  plants  having 
distinctly  proterandrous,  hermaphrodite  flowers  with  a  large  corolla, 

^  Compare  Sprengel,  No.  702,  pp.  65-67. 
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others  having  only  female  flowers  with  a  small  corolla.  The  latter 
retain  their  stamens  in  an  apparently  almost  perfect  form,  but  their 
anthers  do  not  contain  a  single  grain  of  pollen  (609). 

Valeriana  triptei^is,  L.,  is  dioecious.  In  this  species  also  there 
are  large-flowered  and  small-flowered  plants,  but  the  larger  flowers 
are  not  hermaphrodite  as  in  V.  moiitanay  but  male  only ;  they 
retain  a  style,  but  stigmatic  papillae  are  not  developed  (609). 

These  four  species  of  Valeriana  fonn  an  interesting  series  : — 
V,  ojlcinalis,  with  one  kind  of  individual  only,  and  proterandrous 
hermaphrodite  flowers ;  V,  irumtana,  with  large-flowered  and  small- 
flowered  individuals,  the  anthers  in  the  latter  being  abortive ; 
V.  tripteris,  in  a  similar  condition,  but  with  the  pistil  in  the  large- 
flowered  individuals  rudimentary  also ;  finally,  V,  dioica,  also 
dicecious,  but  exhibiting  four  different  kinds  of  individuals  (609). 

Valeriana  cordifolia,  L.,  is  distinctly  proterogynous,  according  to 
Ricca  (665). 

Centranthns  ruber ,  D.C.,  and  Fedia  cornucopias,  are  distinctly 
proterandrous,  according  to  Delpino  (178). 

Valerianella  olitoria,  Much. — I  have  found  this  plant  visited 
by  four  Coleoptera,  eighteen  Diptera,  one  Hemiptera,  eleven  Apidae, 
and  two  Lepidoptera  (590,  III). 

Ord.  DIPSACE.E. 

Marina  elegans, — The  stigma  is  developed  at  the  same  time 
as  the  anthers,  but  overtops  them,  so  that  insect-visitors  touch  first 
the  stigma  and  then  the  anthers,  and  usually  effect  cross-fertilisation. 
In  the  absence  of  insects  the  stigma  curls  inwards  so  as  to  touch 
the  anthers  and  lead  to  self-fertilisation  (356). 

210.  DiPSACUS  siLVESTRis,  L.— The  tube  is  9  to  11  mm.  long ; 
the  flower  is  markedly  proterandrous ;  the  style  divides  into  two 
branches,  whose  inner  surfaces  are  closely  covered  with  stigmatic 
papillae,  but  one  of  which  is  always  partly,  and  sometimes  entirely, 
aborted.  The  bracts  stand  up  from  the  convex  head  as  stiff,  sharp 
spines;  they  distinctly  overtop  the  anthers  and  stigmas  and  pre- 
vent them  from  being  touched  by  the  ventral  surface  of  a  bee 
creeping  over  the  inflorescence.  The  anthers  and  stigmas  are  only 
touched  by  the  bee's  head  as  it  is  inserted  in  the  flower ;  and  in 
this  process  one  stigma  is  in  the  way  of  the  other,  and  the  wliole 
stigmatic  surface  of  one  is  much  more  thoroughly  rubbed  by  the 
bee's  head  when  the  other  is  absent.      We  seem  to  have  here  in 
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the  abortion  of  one  stigma  an  adaptive  modification  in  progress 
and  not  yet  perfected. 

(1)  BombiiB  rupcstria,  L  ?  (12— M) ;  (2)  B.  lapiJariuB,  L.  <J  ?  ?  {8—14), 
ab.,  {<J  as  lute  ns  October  2)  ;  (3)  B.  agroruin,  F.  ^  ?  (12—15),  a!!  three 
species  sucking.    See  also  No.  590,  iii. 

211.  ScABiosA  (Knautia)  AKVENSI3,  L. — In  fine  weather  the 
flowers,  owing  to  their  great  coDspicnousnesa  and  their  easily 
accessible  honey  and  pollen,  are  visited  by  very  miscellaneous 
insects  in  great  numbers.  Cross- fertilisation  is  ensured  by  markedly 
proterandrous  dichogamy,  and  in  the  unlikely  event  of  insect-visits 
not  taking  place,  self- fertilisation  is  very  unlikely  to  occur. 


About  fifty  flowers  unite  in  a  capitulum  which  may  be  hemi- 
spherical or  only  slightly  convex,  and  become  gradually  larger 
from  the  centre  to  the  margin  by  an  increasing  development  of  the 
outer  lobe  of  the  corolla.  While  in  the  central  florets  the  tube  is 
only  4  to  G  mm.  long,  and  the  lobes  of  the  corolla,  which  are  all 
similar,  only  3  to  4  mm.  long,  in  the  marginal  florets  the  tube  is 
7  to  9  mm.  long,  the  external  lobe  of  the  corolla  6  to  11  mm.,  each 
of  the  two  lateral  lobes  4  to  7  mm.,  and  the  internal  lobe  only  3  to 
i  mm.  long. 

In  spite  of  the  length  of  the  tube  the  honey  is  easily  accessible 
to  a  very  large  number  of  insects  of  the  most  various  orders ;  for 
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the  tube  widens  out  superiorly,  and  the  more  so  the  longer  it  is,  so 
that  many  short-lipped  insects  can  reach  the  honey  by  creeping  a 
greater  or  less  distance  down  the  tube.  The  honey  is  secreted  by 
the  upper  surface  of  the  ovary,  and  is  lodged  in  the  base  of  the 
tube;  in  spite  of  the  funnel-shaped  widening  of  the  tube,  it  is 
sheltered  from  rain  by  hairs  lining  the  tube.  The  pollen  also  is 
easily  accessible,  for  the  stamens,  which  are  at  first  curled  up  in 
the  bud,  straighten  themselves  after  the  flowers  open  and  protrude 
4  to  5  mm.  beyond  the  tube,  with  the  pollen-covered  faces  of  the 
anthers  directed  upwards.  Thus  the  flower  offers  great  attractions 
to  insects  whether  in  quest  of  honey  or  of  pollen,  and  all  the  more 
that  the  close  aggregation  of  the  flowers  prevents  waste  of  time  in 
passing  from  one  to  another.  Honey-seeking  insects  are  induced 
to  make  repeated  visits  to  the  same  capitulum  by  the  gradual 
development  of  the  florets  and  by  the  length  of  time  during  which 
they  secrete  honey;  pollen-seeking  insects  are  led  likewise  to 
repeat  their  visits,  because  the  anthers  in  each  flower  do  not 
develop  simultaneously  but  one  by  one  (Fig.  108,  1,  ft,  c,  d). 

The  style  elongates  after  all  the  stamens  have  fully  developed ; 
its  immature  stigma  stood  previously  in  the  mouth  of  the  flower, 
but  now  protrudes  4  to  5  mm.  from  the  corolla  and  becomes 
mature  (a,  2).  The  empty  anthers,  if  they  have  not  been  removed 
by  the  insects,  as  frequently  happens,  are  retracted  to  the  mouth 
of  the  flower  by  the  filaments  shrivelling  up  (d,  2).  In  each 
capitulum  the  florets  open  and  the  anthers  develop  in  succession 
from  the  circumference  towards  the  centre ;  but  the  styles  only 
begin  to  elongate  and  the  stigmas  to  develop  after  all  the  stamens 
on  the  capitulum  have  completed  their  development,  and  then 
almost  simultaneously  throughout  the  capitulum.  Since  here  the 
whole  capitulum  is  at  first  male,  and  later,  if  insect-visits  have 
taken  place,  wholly  female,  cross-fertilisation  takes  place  regularly 
between  separate  capitula  in  case  of  insect- visits ;  and  since  all  the 
stigmas  on  a  capitulum  develop  simultaneously,  while  the  anthers 
succeed  each  other  very  gradually,  cross-fertilisation  en  niasse  may 
be  effected  by  a  single  insect's  visit,  and  the  possibility  of  cross- 
fertilisation  is  extended  over  a  long  period  of  time.  So  even  a 
period  of  fine  weather  very  short  in  comparison  with  the  whole 
flowering  period  of  the  plant  may  suflBce  for  complete  fertilisation 
of  the  flowers. 

Besides  plants  with  hermaphrodite  flowers,  others  occur  whose 
flowers  all  possess  more  or  less  aborted  anthers  which  do  not  dehisce 
and  which  contain  small  and  often  very  deformed  pollen-grains. 
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If  these  female  plants  flowered  earlier  than  the  hermaphrodites, 
so  that  their  stigmas  were  mature  cotemporaneously  with  the 
anthers  of  the  first  hermaphrodites,  then  their  origin  might  be 
explained  on  the  principle  of  economy,  as  a  saving  of  the  first 
stamens  which  have  no  stigmas  to  fertilise.  If  the  female  capitula 
were  less  conspicuous  than  the  others,  the  same  explanation  might 
be  applied  in  this  case  as  I  have  put  forward  in  describing  Thymus 
and  OUchoina.  But  here  neither  the  one  fact  nor  the  other  is  true  ; 
but  the  female  heads  are  just  as  conspicuous  as  the  others  and 
develop  cotemporaneously  with  them.  I  can  only  account  for 
their  existence  by  the  very  great  difference  between  the  duration 
of  the  stigmas  in  the  hermaphrodite  capitula  and  the  length  of 
time  that  the  anthers  are  covered  with  pollen. 

It  is  of  special  importance  for  Scahiosa  a'rvensis  that  the  anthers 
on  the  same  head  should  develop  gradually  throughout  several 
days,  and  that  the  stigmas  should  ripen  all  on  the  same  day,  almost 
simultaneously.  For  owing  to  the  first  character  there  is  never  a 
lack  of  pollen,  and  owing  to  the  second,  as  soon  as  a  few  sunny 
hours  occur  and  bring  out  the  insects,  in  a  very  short  time  all  the 
stigmas  on  a  capitulum  are  fertilised  with  pollen  from  another. 
Both  characters  together  are  therefore  of  use  to  the  plant  in  the 
changeable  and  often  continuously  rainy  weather  of  our  summers. 
But  when  a  spell  of  sunny  weather  appears  the  number  of  herma- 
phrodite flowers  in  the  male  condition  must  always  be  much 
greater  than  in  the  female  condition ;  the  pollen  of  many  heads 
must  be  wasted,  and  it  must  be  an  advantage  to  the  plant  if  in 
some  cases  the  stamens  are  aborted  and  the  stigmas  come  so  much 
the  quicker  to  maturity.  As  every  character  of  advantage  for  the 
maintenance  of  the  species,  which  appears  accidentally  as  an 
abnormality,  can  and  must  be  retained  by  natural  selection,  so  in 
Scahiosa  aiTcnsis,  abortion  of  the  stamens,  occurring  accidentally 
in  certain  plants,  must  have  been  perpetuated  and  intensified. 

The  power  of  self-fertilisation  is  not  quite  lost  in  the  herma- 
phrodite plants ;  for  in  capitula  allowed  to  flower  in  the  house  and 
left  untouched,  many  of  the  stigmas  as  they  grow  up  may  be  seen 
to  come  in  contact  with  anthers  still  dusted  with  pollen.  But  as 
a  rule  insect-visits  are  so  numerous  that  self-fertilisation  can 
only  come  into  action  in  long-continued  bad  weather. 

Visitors  :  A.  Hymenoptera — (a)  Apida' :  (1)  Apis  mellifica,  L.  9  (6),  ab., 
8.,  more  rarely  c.p.  ;  (2)  BombiiR  hortonira,  L.  ^J  §  ?  (1^ — 21)  ;  (3)  B.  terres- 
tri8,  L.  ?  cJ  (7—9)  ;  (4)  B.  lapidarius,  L.  9  (10—12)  ;  (5)  B.  pratormii,  L. 
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i^  6  (8—11)  ;  (6)  B.  Rajellus,  111.  i  (10)  ;  (7)  B.  agrorum,  F.  ?  (12—15)  ; 

(8)  B.  hypnorum,  L.  ^ ;  (9)  B.  silvarum,  L.  ?  ^  (12—14)  ;  (10)  B.  rupestris, 

L.  ?  (12—14)  ;  (11)  B.  vestalifl,  Fourc.  ?  (12) ;  (12)  B.  campestris,  Pz.  ?  (J 

(10—12) ;  (13)  B.  Barbutellus,  K.  (J  ?  (12)  ;  all  these  humble-bees  only  s.  ; 

(14)  Andrena  Hattorfiana,  F.  ^  9  (6 — 7),  s.  and  c.p. :  it  confines  itself  almost 

exclusively  to  this  flower,  and  I  have  only  once  taken  a  male  on  Jasione 

montana,  and  again,  a  female  on  Dianthus  Carthusianorum,  s.  ;  (15)  Andrena 

Gwynana,  K.  $  (2^),  c.p.  ;  (16)  Halictus  albipes,  F.  $  ;  (17)  H.  leucozonius, 

Schk.  i  (4)  ;  (18)  H.  cylindricus,  F.  ?  (J  (3—4)  ;  (19)  H.  sexnotatus,  K.  ? 

(4)  ;  the  species  of  Halictus  sometimes  s.,  sometimes  c.p.  ;  (20)  Nomada  Fabri- 

ciana,  L.  ?  ;  (21)  N.  lineola,  Pz.  ?  ^  (6)  ;  (22)  N.  Jacobaeae,  Pz.  ?  ;  (23)  N. 

armata,  Schaeff.  ?  ;  (34)  Megachile  Willughbiella,  K.  ^  ;  (25)  M.  maritima,  K. 

<J  $ ,  freq. ;  (26)  M.  circumcincta,  K.  ?  (J  ;  (27)  M.  centuncularis,  L.  (J  ;  (28) 

Diphysis  serratulas,  Pz.  ?  (J ,  very  ab.,   like  all  the  species  of  Nomada  and 

Megachile,  only  sucking  ;  (29)  Osmia  fulviventris,  Pz.  9  >  ^-V-  J  (3^)  ^-  ®^6a, 

L.  (J ,  8. ;  (31)  Coelioxys  quadridentata,  L.  (J  9 ,  ab. ;  (32)  C.  conoidea,  IlL  ?  ; 

(33)  Heriades  truncorum,  L.   (J ;   (34)    Stelis  breviuscula,  NyL  ^ ,  the  last 

four  species,  s. ;  {b)  Sphegida :  (35)  Bembex  postrata,  L.  (7)  ;  (36)  Psammophila 

affinis,  K.  ?  (5)  ;    (37)   P&  viatica,    L.  $  (4),    aU    s. ;    (c)    Vespidm :   (38) 

Odynerus  parietum,  L.    ?   (3),  s.     B.  .Diptera — (o)   Empidce :   (39)  Empis 

tesselata,  F.  (3,  4) ;  (40)  E.  livida,  L.  (2J— 3),  both  very  ab.,  s. ;  (6)  SyrphidoR  : 

(41)    Eristalis  tenax,  L.   (7,   8);  (42)    E.    arbustorum,  L.   (4,  5);    (43)   E. 

nemorum,  L.  ;   (44)  E.   intiicarius,  L. ;  (45)  Rhingia  rostrata,  L.  (11,   12) ; 

(46)  Volucella  bombylans,  L.  ;  (7,  8) ;  (47)  V.  plumata,  L.  ;  (48)  V.  pellucens, 

L.  (Sid.),  all  these  Syrphidae  ab.,  's.  and  f.p.  ;  (49)  Syrphus  ribesii,  L.  (3,  4), 

f.p.  ;  (c)  Conopifke :  (50)   Sicus  ferrugineus,   L.,  ab.,  s.  ;   {d)   Muscidce :   (51) 

Echinomyia  tesselata,  F. ;   (52)   Ocyptera  cylindrica,  F.  ;   (53)   Micropalpus 

fulgens,  Mgn.,  all  three  s.     C.    Lepidoptera — (a)   Rhopalocera:   (54)   Colias 

hyale,  L.  (Th.),  ab.  ;  (55)  Vanessa  urticae,  L.  (12) ;  (56)  Satyrus  Janira,  L. ; 

(57)  S.  Medea,  S.  V.  (Sid.) ;  (58)  Papilio  Machaon,  L.  (18) ;  (59)  Hesperia 

lineola,  0. ;  (6)  Sphingidcn :  (60)  Zygaena  lonicerae,  Esp.  (Th.),  ab. ;  (61)  Ino 

statices,  L.  ;  (c)  Noctuw :  (62)  Mamestra  serena,  S.  V.  ?  (Th.)  ;  (63)-Euclidia 

glyphica,  L.  ;  (d)  Tineina  :  (64)  Adelasp.,  very  ab.,  sometimes  as  many  as  four 

on  one  capitulimi.     D.  Coleoptera — (a)  Nitidulid(e :  (65)  Meligethes,  ab.,  f.p.  ; 

(b)  Phalacridce :  (66)  Olibrus  bicolor,  F.,  f.p.  ;  (c)  LamelUcomia  :  (67)  Hoplia 

philanthus,  Sulz.  (Sid.),  feeding  on  the  organs  of  the  flower ;  (68)  Trichius 

fasciatus,  L.,  very  ab.,  feeding  on  the  tissues  and  also  pairing  on  the  flowers  ; 

{d)   Cerambycidce :  (69)  Toxotus  meridianus,  L.,  (Siebengeb.)  ;  (70)  Pachyta 

octomaculata,  F.  (Sid.) ;  (71)  Strangaliaatra,F.,  (Siebengeb.) ;  (72)  Str.  armata, 

Hbst.   (Siebengeb.) ;   (73)   Str.  attenuata,  L. ;  (74)   Str.  melanura,   L. ;   (75) 

Leptura  livida,  F.  :  these  Cerambycidoe  feed  on  pollen  and  on  the  anthers, 

and  those  with  small  heads,  especially  Str.  attenuata,  also  suck  honey  ;  (c) 

ChrysoifUilidib :  (76)  Cryptocephalus  sericeus,  L.,  feeding  on  the  parts  of  the 

flower 
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Altogether,  I  have  observed  upon  Scabio&a  arvensis,  L. 

• 
• 

ApidflB.        Lepidoptera.-     Diptera. 

1 

other  Insects 

Total. 

In  Low  Germany    ... 

45 
10 

19 

17 

20 

101 

On  the  Alps 

• 

22 

9 

4 

45 

That  is  to  say,  in  each  hundred  species  of  visitors  we  have : — 


Apide. 

Lepidoptera. 

Dipteia. 

Other  loMots. 
197 

Total. 

In  Low  Germany    ... 

44*6 

18-8 
48-9 

lC-8 

100 
100 

1 
On  the  Alps 22*2 

20  0 

8-9 

{Vide  No.  609,  pp.  399,  400 :  No.  590,  III.,  pp.  76,  77.) 

212.  SCABIOSA  SUCCISA,  L. — The  hemispherical  capitulum  con- 
sists of  fifty  to  eighty  florets,  nearly  equal  in  size,  which  develop  in 


Flo.  100.^8eabio9a  «ifec<M,  L. 

].— Flower,  before  dehisceDce  of  the  anthers  (after  removal  of  the  epicalyx). 
2.— Ditto,  after  the  anthers  have  deliisced. 
.s— Ditto,  in  female  stsge. 


centripetal  order.  Honey  is  secreted  by  a  small,  fleshy  ring  above 
the  ovary,  surrounding  the  base  of  the  style,  and  collects  in  the 
narrow,  smooth  base  of  the  tube.  The  tube  is  3  to  4  mm.  long, 
and  above  the  smooth  honey-containing  portion  it  is  lined  with 
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hair»  to  exclude  rain.  The  hooey  is  accessible  to  sliort-lipped 
insects,  especially  as  the  tube  widens  superiorly  to  a  diameter  of 
2  mm.  at  the  mouth,  and  the  four  (rarely  live)  rounded  lobes  of  the 
corolla,  of  which  tbe  external  is  the  largest,  are  easily  thrust  apart 
On  the  damp,  unproductive  spots  where  Scabiosa  sttccisa  chiefly 
grows,  its  blue,  hemispherical  heads,  about  20  mm.  in  diameter, 
are  among  the  most  conspicuous  flowers;  and  in  sunny  weather 
until  the  middle  of  September,  they  are  visited  by  very  numerous 
insects,  and  are  regularly  cross-fertilised  owing  to  their  pro- 
teraudrous  dichogamy.  When  tbe  flower  opens  the  stamens  which 
were  bent  inwards  in  the  bud  straighten  themselves  one  by  one ; 
then,  while  as  yet  the  style  scarcely  extends  beyond  the  mouth  of 
the  corolla  (Fig.  109, 2),  the  anthers  dehisce  in  succession  ;  only  when 
the  stamens  are  completely  withered,  and  the  anthers,  if  insect- 
visits  have  taken  place,  are  shaken  off  (Fig.  109,  3),  does  tiie  style 
atttun  its  full  length,  and  the  stigma,  a  little  later,  becomes  viscid. 
Self- fertilisation  can  theiefore  only  occur  exceptionally,  if  at  this 
time  an  anther,  still  dusted  with  pollen,  comes  by  accident  in  contact 
with  the  stigma.  In  plants  flowering  in  my  room  I  have  observed 
this  to  take  place  not  unfrequcntly,  but  never  in  the  open  air. 

Yidtan:  A.  Hymenoptera^.l /'«/(*  .-  (1)  Apis  nielliflca,  L.  ?,  a.  and  cp., 
ab.  ;  (S)  BonibuB  silvaruni,  L.  9  ^  J  (an  late  as  Oct-  7)  ;  (3)  B.  lapidarius,  L., 
Q  S-  W  B-  a^ronim,  F.  (f  ^  {both  as  latu  as  OfL  15,  1871)  ;  (5)  B,  eenilis, 
Smitli,  5  (J  ;  (6)  B.  Wnvfitris,  L.  $  ^  ;  (7)  B.  pmtoruui,  L.  tj.;  (8)  B.  vestalifl, 
Fuurc  j  (J  ;  B.  rupegtris,  L.  (J  (Oct  16,  1871),  all  very  ab.,  s.  ;  (10)  Anitrena 
Cetii,  Selirank.  ?,c.p. ;  (U)  A.  convexiuccnla,  K.  [J  ;  (12)  HalitlUB nibkundus, 
Christ.  5,  cp. ;  (13)  H,  leucozoniua,  Schrank.  g  ;  (14)  H.  cyliiidricun,  F.  ^, 
all  fr«q.  B  Dipt«rn — (a)  Bombylidir:  (15)  Exoprosopa  capudtta,  F.,  ab.  in 
July;  (b)  Sgrphidir  :  (16)  Helophilus  pendulus,  L.,  ab.,  alxo  pairing  on  the 
Howcrs  (Sept.  4,  1870) ;  (17)  Eristalis  arbiistonim,  L. ;  (18)  E.  nem.irnm,  L. : 
(19)  E.  tenax,  L.  (beginning  of  November)  all  ab.,  a.  and  f.p. ;  (20)  E. 
intriearius,  L,,  acarcer;  (21)  Syrphua  pyrastri,  L.,  a.  and  f.p.  ;  (SB)  Rhingia 
rofltrala,  L.,  a. ;  (c)  Empula  ;  (23)  Empislivida,  L.,  a.,Tery  ab.  ;  (rf)  Mntcidte: 
(24)  Spedes  of  Lncilia;  (25)  MuHca  comicina,  F.  C.  Lepidoptera^(a) 
Rhopatoeera  :  (26)  Pieris  rapx,  L.,  ab. ;  (27)  Satyrus  Janira,  L. ;  (28)  Polyom- 
m&tua  Phltsas,  L.,  very  ab. ;  (£)  Noetua :  (29)  Plusia  gamma,  L.,  ab. ;  (c) 
Crambina  :  (3())  Botys  piirpiiralis,  L.,  all  a.  D.  C6\60^\et&-~Chrytom£Uih:  : 
(31)  Cryptouephal  IIS  sen  ecus,  L.,  feeding  on  the  organs  of  ibe  flower.  See  also 
N'l,  590,  111. 

This  species,  also,  has  been  shown  to  include  female  as  well  as 
hermaphrodite  plants  in  England  by  Darwin  (167],  in  France  by 
Leeoq,*  and  in  Germany  by  Magnus  (449). 

A  alTOpttrpiirea,  L.,  also,  is  gynoditecious  (167). 
'  Qfoj/rafhie  bobmijne,  1867,  vi. 
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213.  ScABiosA  Columbaria,  L. — This  species  for  the  most 
part  resembles  S,  arvensis  in  the  structure  of  its  flower,  but  besides 
the  five  lobed  corolla  it  presents  the  following  noteworthy  diflfer- 
ences.  In  S,  arvensis  the  florets  increase  in  size  from  the  centre  to 
the  circumference  of  a  capitulum,  but  in  S.  Columbaria  this 
gradual  increase  is  much  less  marked,  though  in  the  marginal 
florets  the  lobes  of  the  corolla  are  largo  and  conspicuous.  Thus  in 
one  specimen,  which  I  examined  closely,  the  tube  in  the  marginal 
flowers  was  6  mm.  long  and  2  to  2.j  mm.  wide  at  the  mouth ;  the 
external  lobe  of  the  corolla  was  7  to  8  mm.  long,  the  lateral  were 
6  mm.,  the  internal  2  to  3  mm.  In  the  florets  of  the  disk,  imme- 
diately contiguous  to  these  marginal  florets,  the  tube  was  5  mm. 
long  and  2  mm.  wide  at  the  mouth,  and  the  lobes  of  the  corolla 
were  respectively  3,  2,  lA  mm.  long ;  finally,  in  the  central  florets 
of  the  capitulum  the  tube  was  still  4  mm.  long  and  IJ  mm.  wide 
at  the  mouth,  and  the  lobes  of  the  corolla  were  1  to  2  mm.  long. 
In  consequence  of  the  smaller  size  of  the  central  florets  and  the 
slight  increase  of  size  from  the  centre  towards  the  margin,  many 
more  florets  find  room  on  equal  space  in  S,  Columbaria  than  in 
S,  arvensis.  So,  although  the  capitula  in  S.  Columbaria  are  distinctly 
smaller  than  in  S.  arvensis,  they  contain  half  as  many  florets  again 
(seventy  to  eighty). 

I  have  never  found  plants  with  abortive  stamens  in  S.  Column 
laina. 

This  species  only  occurs  near  Lippstadt,  in  one  locality  and  in 
small  amount,  so  I  have  had  little  opportunity  of  watching  its 
insect-visitors. 

A.  Hymenoptera — Ajyidce :  (1)  Apis  mellifica,  L.  9  j  8'>  ah. ;  (2)  Bombus 
lapidariiirt,  L.  ^ ,  very  fre(i.,  s.  B.  Diptera — (a)  Syrphidce  :  (.3)  Eristalis  tenax, 
L. ;  (4)  E.  nemorum,  L. ;  (5)  Helopbilus  trivittatus,  F.,  all  tliree  species  ab.,  s., 
and  f.p.  ;  {h)  Conopidcp  :  (6)  Sicus  ferrugineus,  L.,  s.  A  list  of  Alpine  visitors 
(six  flies,  eight  bees,  and  twenty-eight  Lepidoptera)  is  given  in  No.  609,  p.  400. 

Scabiosa  lucida,  Vill.,  is  visited  by  butterflies  and  Syrphidae 
(609). 

Ord.  composite. 

The  numerical  preponderance  which  this  family  has  attained 
in  species  and  genera,^  and  the  extreme  abundance  of  many  of  the 
species,  are  due  to  the  concurrence  of  several  characters,  most  of 

^  In  Dr.  Ludwig  PfeifTer's  Synonywia  Botnniea  over  10,000  genera  of  Phanerogams 
are  enumerated  ;  of  these,  over  1,000  belong  to  the  Compositas. 
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which,  singly,  or  in  some  degree  combined,  we  have  become 
acquainted  with  iu  otber  families,  but  never  in  such  happy  com- 
bination as  in  the  Compositse.  The  following  points  deserve 
special  mention:  (I)  the  close  association  ofmany  flowers;  (2)  the 
accessibility  of  the  honey,  as  well  as  its  plentiful  secretion  and 
its  security  from  rain ;  (3)  the  possession  of  a  pollen-mechanism, 
which  renders  cross-fertilisation  certain  in  the  event  of  insect- 
visits. 

1.  The  association  of  many  flowers  in  one  head  is  advantageous, 
for  the  following  reasons : 

(a)  The  flowers  are  rendered  much  more  conspicuous,  and  are 
accordingly  more  visited  by  insects.  Conspicuousness  is  in  most 
cases  increased  still  further  either  by  the  florets  being  directed 
outwards  (Cynaroidea:),  or  by  the  limb  of  the  corolla  developing 
into  a  long  lobe  directed  outwards,  both  of  which  phenomena 
become  more  marked  towards  the  margin  of  the  capitulum; 
or  by  the  marginal  florets  becoming  large  coloured  radiating 
laminsp,  at  the  expense  of  the  stamens  or  of  both  stamens  and 
pistil  (Asleroidta) ;  or,  Anally,  by  the  innermost  bracts  performing 
this  function  (Carlina). 

(b)  Insects  can  fertilise  numerous  flowers  with  much  less  loss 
of  time  than  when  the  flowers  are  separate;  and  so  the  chance 
of  being  fertilised  is  increased  for  every  flower  in  the  same  ratio. 
The  florets  of  the  disk  usually  constitute  a  flat  surface  over  which 
the  insect  crawls,  and  from  which  the  reproductive  organs  protrude 
far  enough  to  permit  simultaneous  fertilisation  of  many  florets, 

(t)  As  the  involucre  of  the  whole  capitulum  plays  the  part 
of  a  calyx  in  protecting  the  flowers,  the  calyces  of  the  separate 
florets  can  be  dispensed  with  entirely,  or  they  may  be  adapted 
for  a  new  and  important  purpose  by  being  transformed  into 
structures  which  aid  the  dispersion  of  the  seeds  by  the  wind,  or 
into  barbs  furnished  with  recurved  hooks  (Bulens),  which  aid  the 
transport  of  the  seeds  by  animals. 

2.  The  free  accessibility  of  the  honey  is  a  character  which 
most  Composite  share  with  Umbelliferas ;  and,  accordingly,  the  two 
orders  rival  one  another  in  the  variety  of  their  insect- visitors  {vide 
Cirsinm  arvevsis).  But  while  in  TJmbellifene  the  honey  lies  fully 
exposed  to  the  rain  upon  the  fleshy  disk  which  secretes  it,  in 
CompositJB  it  is  secreted  by  a  ring  surrounding  the  style  at  the 
base  of  a  narrow  tubular  corolla,  and  as  it  accumulates  it  rises  up 
into  the  wider  part  of  the  corolla  where  it  is  accessible  to  the  most 
short-lipped  insects,  aud  where  the  anthers  shelter  it  from  rain. 
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Thus,  while  the  flat  layer  of  honey  in  Umbelliferae  is  only  suitable 
for  short-lipped  insects,  the  honey  of  CompositaB  is  not  only 
accessible  to  them  but  may  be  sucked  by  Lepidoptera  and  bees 
also. 

3.  The  pollen-mechanism  agrees  essentially  with  that  of 
Lobeliacese.  The  anthers  cohere  to  form  a  hollow  cylinder,  and 
dehisce  introrsely,  filling  the  cylinder  with  pollen,  before  the  flower 
opens.  The  two  stigmas  lie  at  first  closely  applied  together  in 
the  lower  part  of  the  anther-tube,  and  as  the  style  grows  they 
brush  the  pollen  out  of  the  tube  by  means  of  the  hairs  on  their 
outer  surface.  So  in  the  first  period  the  pollen  is  exposed  to 
insect-visitors,  and  in  the  second  the  stigmas  separate  and  expose 
their  papillar  surfaces. 

The  arrangement  of  the  hairs  and  of  the  stigmatic  papillse 
shows  some  diversity  in  Composites.  The  former  sometimes,  as  in 
Lobeliacere,  sweep  the  pollen  before  them,  forming  a  simple  ring 
round  the  style  at  the  base  of  the  stigmas  {e.g.  Centaurea,  Cirsium), 
or  aggregated  in  a  tuft  at  the  extremity  of  the  stigmas  (e,g, 
Achillea,  Chrysanthcvium) ;  sometimes  they  are  spread  over  more 
or  less  of  the  surface  of  the  style,  and  the  pollen  remains  en- 
tangled among  them  (e.g.  Leontodon),  The  stigmatic  papillae 
sometimes  wholly  or  partially  cover  the  inner  surfaces  of  the 
stigmas,  and  sometimes  are  restricted  to  broader  or  narrower 
areas  at  the  margin.  This  sweeping  mechanism,  which  is 
apparently  inherited  from  Lobeliaceae,  is  perfected  in  many 
CompositaB  by  a  peculiar  irritability  of  the  filaments,  which 
contract  when  touched  by  an  insect's  proboscis  and  draw  the 
anther-tube  downwards,  squeezing  the  pollen  out  at  the  upper 
end  exactly  at  the  proper  time  for  it  to  be  carried  to  other 
flowers. 

Cross-fertilisation  in  case  of  insect-visits  is  thoroughly  ensured 
for  the  separate  florets  in  the  same  way  as  in  Lobeliaceae,  and 
it  is  rendered  in  many  cases  very  probable,  and  in  others  in- 
evitable, for  the  inflorescence  as  a  whole.  For  in  all  cases  in 
which  the  development  of  the  hermaphrodite  flowers  progresses 
so  slowly  from  the  margin  of  the  capitulum  towards  its  centre 
that  one  or  more  rows  of  florets  in  the  female  stage  are  alu'ays 
surrounded  by  several  rows  in  the  male,  the  crossing  of  separate 
capitula  must  at  least  be  efiected  by  all  insects  which  alight  at  the 
margin  {Bellis,  Chi^jsanthemum;  etc.) ;  but  in  many  Cynareae  the 
florets  open  centripetally  in  such  quick  succession  that  the 
capitulum  is  for  a  time  male  only,  and  afterwards  for  some  time 
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female  only,  and  in  this  case  all  insect-visitors  must  lead  to  the 
crossing  of  separate  capitula  {Carduits),  Lastly,  in  the  few 
Compositae  in  which  the  florets  are  all  unisexual,  either  the  male 
and  female  florets  are  confined  to  separate  capitula  or  the  outer 
florets  in  all  the  capitula  are  female  and  the  inner  male  (Calenduh, 
Silphium,  etc.).  In  the  former  case  the  crossing  of  separate 
capitula  is  obviously  inevitable,  and  in  the  latter  (since  the  outer 
florets  develop  first)  it  is  probable,  and  more  so  than  in  the 
case  described  where  centripetal  development  proceeds  slowly  in 
a  capitulum  of  hermaphrodite  florets. 

In  absence  of  insects  self-fertilisation  is  often  rendered  possible 
in  the  hermaphrodite  flowers  by  the  stigmas  curving  backwards  till 
their  papillse  come  in  contact  with  the  pollen. 

The  irritability  of  the  filaments  in  Ccntaurea,  Onopordum, 
Cichorium,  ffieradum,  etc.,  was  observed  more  than  a  hundred 
years  ago  by  Koelreuter  (396,  Pt.  ill).  Severin  Axell  gives  a 
r^sumS  of  more  recent  observations  on  this  point  by  Morren,  Cohn, 
Unger,  and  others  (17). 

Sprengel  recognised  the  significance  of  the  enlarged  marginal 
florets,  the  closing  of  the  capitulum  during  rain,  the  brushes  on  the 
style  or  stigmas,  and  the  distinct  proterandry  (702,  pp.  365-384). 

Hildebrand  made  the  floral  mechanism  of  Compositae,  especially 
the  distribution  of  the  brushes  and  the  stigmatic  papillae,  the  sub- 
ject of  a  very  elaborate  paper  containing  many  magnified  figures 
of  styles  (357).  In  the  same  year  (1869)  Delpino  gave  a  full 
account  of  the  adaptive  modifications  of  Compositae  (178),  and 
appended  some  notes  on  the  bees  seen  by  him  visiting  Compositae. 
In  a  more  recent  work  (180)  he  tries  to  prove  the  genetic 
connection  of  Compositae  with  Campanulaceae  and  Lobeliaceae,  and 
to  trace  the  gradual  passage  from  entomophilous  Senecionidcc  to 
distinctly  anemophilous  Artemisiacece.  I  am  unacquainted  with 
most  of  the  forms  which  Delpino  treats  of,  and  am  therefore 
unable  to  criticise  his  conclusions,  so  I  confine  myself  to  a  general 
reference  to  his  interesting  research. 

Tribe  Eupatoriacece. 

My  brother  Fritz  Muller  tells  me  by  letter  that  at  Itajahy, 
Adenostemma,  growing  at  the  borders  of  woods,  is  the  haunt  of 
Zygcenidcc  and  Glaucopidce. 

214.  EUPATORIUM  CANNABINUM,  L. — The  capitulum  contains 
five,  sometimes  only  four  florets,  in  each  of  which  the  tube  is 
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2)  mm.  loDg,  and  the  wider  throat  2  mm.  long  in  addition.  By 
tbetnaelvea  the  capitula  are  smalt  and  insignificant,  but  very  many 
(usually  several  hundred)  are  closely  aggregated  in  an  inflorescence. 
The  red-bordered  bracts,  the  reddish  corolke  of  the  florets,  and 
the  white  projecting  stigoias  give  this  inflorescence  a  reddish-white 
appearance.     In  this  plant  the  divisions  of  the  style  are  quite  as 


long  as  the  whole  corolla  (5  mm.).  They  are  furnished  with  rows 
of  stigmatic  papillae  along  their  edges,  only  for  the  first  quarter 
of  their  length  {a,  h.  Fig.  110,  2) ;  forthe  remaining  three-quarters 
they  are  thickly  clothed  all  round  with  hairs.  In  the  first  period 
the  lower  stigmatic  part  of  the  branches  of  the  style  remains  still 
inclosed  in  the  anther-cylinder  (Fig.  1 1 0, 1) ;  the  ends,  furnished  with 
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hairs,  project  beyond  it,  and  diverge  so  widely  that  insect- visitors 
come  in  contact  with  them  all  round,  and  carry  off  upon  their 
hairy  or  scaly  coats  the  pollen  that  had  been  entangled  in  the 
hairs  of  the  styles.  Afterwards,  the  lower  stigmatic  portions 
eraei^e  from  the  anther-cylinder  and  from  the  throat  of  the 
corolla  (Fig-  110,  2),  and  they  too  diverge  so  widely  that  an  insect 
in  obtaining  its  honey  must  come  in  contact  with  them.  Cross- 
fertilisation  is  thus  ensured,  if  insect-visits  have  taken  place  to  a 
suflScient  extent  to  clear  all  the  pollen  from  the  hairs  of  the  style 
before  the  stigmas  in  the  same  floret  are  exposed.  But  if  these 
hairs  still  bear  pollen  when  the  stigma  becomes  exposed,  an  insect- 
visitor  may  effect  self-fertilisation  as  easily  as  croas-fertilisation. 
If  no  insects  visit  the  flower  at  all,  fertilisation  and  even  cross- 
fertilisation  are  still  possible,  for  the  outspread  branches  of  the 
style  sometimes  come  in  contact  with  the  stigmas  of  neighbouring 
florets. 

¥isitorH  ;  A.  HymenopUira — Apida- :  (1)  Apis  inellifica,  L.  (J »  *■ ;  (2) 
Bombus  (ApathuB)  Testalia,  Fourc.  (J,  ».  B.  Diptera— (o)  Syrphultt :  (3) 
EriKtaliH  arbuBlornm,  L. ;  (4)  E.  nemonun,  L. ;  (5)  E.  tenax,  L.,  all  three 
Bpecies,  ab.,  Lp. ,'  ifi)  Muieidm :  (6)  Echinniriyia  fera,  L. ;  (T)  Dexia  canina, 
F. ;  (8)  Lncilia  alMcepfi,  Mgn.  C.  Lepidoplfira — Rhopalocera ;  (9)  PieriB 
rapJD,  L. ;  (10)  Theclaquercns,  L. ;  (11)  Lycaena,  op. ;  (12)  VancsBa  lo,  L.,  ab. ; 
(13)  Argynnis  Paphia,  L.,  ab, ;  (14)  Satyrua  Galatea,  L.  (  (15)  S.  Mwlusa,  8. 
T. ;  (16)'S.  Egeria,  L. ;  (17)  Hesperia  lineola,  O.  I  saw  all  tliefie  butterflies 
tcgether  sucking  the  flowers  of  Eupatoriiim  on  a  aunuy  slope  near  Willebadcaseu 
(August,  1871) ;  they  look  no  heed  of  other  neighbouring  flowern.  D.  Neuro- 
ptera — (18)  Panorpu  communis,  L.  This  list  is  very  remarkabk  on  account 
of  the  preponderance  of  buttiirfliefi.     See  also  No.  590,  in. 

Tribe  Agleroiiifo:. 

215.  SoLiDAGO  viRGA-AUREA,  L. — In  the  florets  of  the  disk 
the  style  is  identical  with  that  of  Chrysocoma  (cf.  Hildebrand,  357J. 
But  while  in  Chrysocoma  numerous  capitula  unite  to  form  one 
surface,  and  can  therefore  dispense  with  ligulate  marginal  florets, 
in  iS.  virga-auTca  the  capitula  are  distributed  over  an  elongated 
axis ;  and  the  disk  of  each  capitulum  (4  to  5  mm.  in  diameter)  is 
rendered  conspicuous  by  five  to  seven  golden-yellow  marginal 
florets  which  increase  the  whole  diameter  of  the  capitulum  to  14  or 
even  19  mm.  The  marginal  florets  have  acquired  their  excessive 
development  of  corolla  at  the  expense  of  their  stamens,  which  are 
quite  absent ;  the  branches  of  the  style  have  almost  entirely  lost 
their  useless  sweeping-hairs,  and  bear  stigmatic  papilhe  along  the 
whole  length  of  both  borders  of  their  inner  surfaces. 
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Visitors  :  A.  Hymenoptera— Jjpkiar :  (1)  Apis  mellifica,  L.  ^ ,  s.,  ab. ;  (2) 
Bombus  rupestris,  L.  (J,  s. ;  (3)  B.  campestris,  L.  (J,  e. ;  (4)  B.  terrestris,  L. 
(J,  8. ;  (5)  Andrena  denticulata,  K.  $  (J ,  c.p.  and  s.  (Tekl.  Borgst.).  B.  Diptera 
— SyrphidcB :  (6)  Eristalis  arbustorum,  L. ;  (7)  E.  nemorum,  L.,  both  species 
f.p.,  ab.  C.  Lepidoptera — Rhopalocera :  (8)  Thecla  ilicis,  Esp.,  s.  A  list  of 
Alpine  visitors  (six  bees,  twenty-two  flies,  twenty-seven  Lepidoptera)  is  given 
in  my  Alpenhlumen  (No.  609). 

216.   SOLIDAGO   CANADENSIS,  L.  : — 

Visitors  :  Diptera — (a)  Syrphida :  (1)  Eristalis  arbustorum,  L. ;  (2)  E. 
nfemorum,  L. ;  (3)  Syriita  pipiens,  L.,  all  three  species  f.p.,  ab. ;  (6)  Muscufa : 
(4)  Sarcophaga  carnaria,  L.,  f.p. ;  (5)  Numerous  small  Muscidae.  See  also 
No.  590,  III. 

217.  Bellis  perennis,  L. — Numerous  tiny  florets  1  to  2  mm. 
in  length  unite  to  form  a  flat,  yellow  disk  6  mm.  in  diameter.  The 
white  outer  lobes  (5  mm.  long)  of  the  marorinal  florets  bring  the 
diameter  of  the  whole  capitulum  up  to  16  mm.  The  marginal 
florets  have  no  stamens,  and  their  styles  have  lost  their  sweeping- 
hairs  ;  the  two  branches  of  the  style  are  furnished  with  stigmatic 
papillae  on  their  edges  for  their  whole  length  (cf.  Hildebrand,  357). 
On  the  other  hand,  in  the  florets  of  the  disk  the  style  is  short, 
broadly  oval,  and  closely  covered  with  sweeping-hairs  on  the  outer 
surface  from  the  broadest  part  to  the  tip ;  these  hairs  both  sweep  the 
pollen  out  of  the  anther-cylinder  as  the  style  elongates,  and  after- 
wards hold  it  until  it  is  removed  by  insects.  The  branches  of  the 
style  in  the  disk -florets  are  only  furnished  with  a  short  strip  of 
stigmatic  papillse  on  each  border  below  the  broadest  part.  After 
fertilisation  the  branches  of  the  style  are  again  drawn  within  the 
corolla,  so  that  the  placing  of  more  pollen  on  the  already  fertilised 
stigma  is  avoided. 

Visitors :  A.  Hymcnoptera — (a)  Apidce :  (1)  Apis  mellifica,  L.  ^ ,  c.p., 
freq. ;  (2)  Andrena  parvula,  K.  9  >  c.p. ;  (3)  Halictus  minutissimus,  K.  $ ,  c.p., 
freq. ;  (4)  H.  cylindricus,  F.  ? ,  s. ;  (5)  Sphecodes  gibbus,  L.  9 ,  s. ;  (6)  Nomada 
lineola,  Pz.  ^ ,  s. ;  (7)  N.  flavoguttata,  K.  (J ,  s. ;  (8)  Osmia  mfa,  L.  9  >  »•  and 
c.p. ;  (/))  Formicidce :  (9)  Myrmica  loBvinodis,  Nyl.,  tried  to  suck.  B. 
Diptera — (a)  EmpidcR:  (10)  Empis  livida,  L.,  s.,  very  ab. ;  (11)  E.  opaca,  F., 
s. ;  (6)  SyrphidcB :  (12)  Eristalis  arbustorum,  L. ;  (13)  E.  sepulcralis,  L. ;  (14) 
E.  tenax,  L. ;  (15)  E.  pertinax,  Scop. ;  (16)  Rhingia  rostrata,  L.,  all  five  species 
f.p.,  very  ab. ;  (17)  Syritta  pipiens,  L.,  f.p.  and  s.,  ab.  ;  (18)  Melithreptus 
scriptus,  L.,  f.p. ;  (c)  Muscidce :  (19)  Scatophaga  stercoraria,  L. ;  (20)  So. 
merdaria,  F.,  both  species  f.p.,  ab. ;  (21)  Lucilia  comicina,  F.,  f.p.,  freq. ;  (22) 
Musca  corvina,  F.,  do.  All  these  flies  had  their  tongues,  legs,  and  under  surface, 
especially  of  the  thorax,  thickly  coated  with  pollen.  C.  Lepidoptera — Bhopa- 
locera :  (23)  Satyrus  pamphilus,  L.,  e. ;  (24)  Polyommatus  dorilis,  Hu&.,  s. 

Y 
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D.  Coleoptem— (a)  Niiidulida :  (25)  Meligetbes,  f.p. ;  (6)  (Edemerida :  (26) 
(Edemera  virescens,  L. ;  (c)  Cerambjfcida :  (27)  Leptura  livida,  L,  Up.  See 
also  No.  S90i  m. 

218.  AsTEB  CHINEKSIS,  L. — I  have  noticed  on  the  flowers  in 
my  garden: — 

A.  Diptera— iSyrpAidcF  .*  (1)  Eristali^  nemonim,  L. :  (2)  E  arbustoTxun,  L., 
both  specie*  s.  and  f.p.,  ab.  R  Lepidoptera— i^Acjpa/ocera :  (3)  Vanessa  niticae, 
L,  8^    C.  Hymenoptera — Apida :  (4)  CoBlioiys  simplex,  NyL  ? ,  a. 

Aster  alpinus,  L. — I  have  found  this  plant  on  the  Alps  visited 
by  two  beetles,  two  flies,  two  bees,  and  thirty-six  Lepidoptera  (609). 

219.  Aster  amellus,  L.  (Haarhausen,  in  Thuringia). — I  found 
the  flowers  (Sept.  13, 1871)  visited  by  ErisialU  arbustcrum,  L.,  in 
considerable  numbers  to  feed  on  the  pollen. 

Erigenm  alpinus,  L. — The  ligulate  marginal  florets  are  female 
only;  between  tbem  and  the  hermaphrodite  florets  of  the  disk  is  a 
zone  of  female  florets  which  secrete  no  honey,  and  in  which  the 
teeth  and  the  wide  throat  of  the  corolla  is  not  developed ;  in  these 
two  classes  of  female  florets  the  style  is  devoid  of  sweeping-hairs. 
In  Eriger&n  uniflorus^  L.,  the  intermediate  zone  of  tubular  female 
florets  is  absent  (609). 

220.  COXTZA  SQUARBOSA,  L.  : — 

Visitors :  Hymenoptera — (a)  Apida  :  (1)  Halictns  qnadridndns,  F.  5  <y , 
cp.  and  8. ;  (2)  H.  flavipesy  F.  ^  ;  (3)  H.  morio  F.  ^ ;  (4)  H.  lencoposs  K.  9  : 
(5)  H.  longnlns,  Sm.  ^ ;  (6)  H.  lencozonins,  Scbr.  ^ :  (7)  H.  cylindricxxs»  F. 
$ ;  (8)  H.  niacolatns,  Sm.  $  <^  ;  (9}  H.  albipes^  F.  (^ ,  all  in  great  abundance, 
the  <^  &,  the  $  &  and  c.p. ;  (10)  Xomada  Solidaginis,  Pz.  $ ,  & ;  (6)  Spke^ir  : 
(11)  Cerceris  labiata,  F.  9 . 

221.  Chbtsocoma  Lekostris,  L.  (Thuringia,  near  Haarhausen). 
— All  the  florets  in  the  capitulum  are  alike ;  those  at  the  edge  are 
merely  slightly  curved  outwards.  Radiating  marginal  florets  are 
useless  and  therefore  absent,  for  the  same  reason  as  in  the  case  of 
Tanaeeium.  The  golden-yellow  surface  formed  by  the  conjunction 
of  many  capitula  is  conspicuous  enough  to  attract  insects  from  a 
considerable  distance.  When  near  at  hand,  capitula  in  the  first 
(male)  stage  (Fig.  Ill,  1)  are  more  conspicuous  than  those  in  the 
second  (female)  stage ;  for  in  the  former  the  teeth  of  the  corolla, 
which  are  3  mm.  long,  are  widely  outspread,  but  afterwards  they 
become  more  and  more  erect.  So  insects  are  induced  to  visit  the 
capitula  in  the  pioper  ofder. 
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The  tube  of  each  floret  iaSj  to  i^  mm.  long,  the  wider  throat 
into  which  the  honey  rises  is  I9  mm.  long,  bo  that  the  honey  is 
eaMly  accessible.  The  simultaneous  fertilisation  of  numeruuB 
flowers  is  here  rendered  possible  in  a  way  ditferent  from  that  in 
Taitacetum.  The  branches  of  the  style  are  H  mm.  long,  and  they 
bear  on  their  outer  borders  a  row  of  stigmatic  papillie  {n,  2)  up 
to  a  point  above  their  middle  ;  above  this  point  they  broaden,  and 
are  covered  with  hairs  both  on  their  outer  surface  and  on  their 


edges.  Even  in  the  second  (female)  stage,  their  tips  remain  in 
contact,  and  they  only  curve  asunder  in  the  middle.  Insects 
creeping  over  the  capitulum,  bend  down  the  ends  of  the  styles 
with  the  under  surfaces  of  their  bodies,  and  so  brush  over  the 
stigmas  of  many  florets  simultaneously. 

A.  Hymenoptera— ^pWre  .-  (1)  Haliutns  flaviped,  F.  g ;  (2)  H.  albipe*,  7. 
J ,  very  freq.  ;  (3)  H.  cylindriouB,  F.  (J ,  ab.  ;  (4)  H.  nitidiuBcnlna,  K.  tf ,  freq., 
all  B.  B.  DipMra— (a)  Sgrpkidai .-  (5)  Syritta  pipiune,  L. ;  (6)  Eriatalie  wbn- 
iMoram,  L. ;  (7)  £.  nemonun,  L.,  M  time  ipeciw  ■■  and  £p.,  very  ab.  j  (b) 

T  2 
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MuscidcB :  (8)  Ocyptera  cylindrica,  F.,  s.  C.  Lepidoptera— (a)  Rhopalocei-a  : 
(9)  Polyommatufl  dorilis,  Hfn.  ;  (10)  Lycana  alsus,  W.  V.;  (6)  Noctua:  (11) 
Plusia  gamma,  L.,  all  three  s. 

Tribe  Inuloidece, 

222.  Gnaphalium  luteoalbum,  L.,  as  a  rule  only  comes  into 
bloom  at  Lippstadt  in  September.  On  the  wet,  sandy  places 
where  it  grows,  it  is  by  far  the  most  conspicuous  plant,  especially 
as  it  grows  associated  in  considerable  numbers.  One  sunny  day 
at  noon  (Sept.  29,  1869)  I  noticed  the  following  insects  upon  its 

capitula : — 

• 
Visitors  :  A.  Hymenoptera — (a)  /ipidce :  (1)   Sphecodes  gibbus,  L.  (J  $ , 

several  varieties  including  ephippia,  L.,  s.  ;  (2)  Halictus  sexsiguatus,  Schenck, 

(J  9 , 8. ;  (h)  SphegidcB :  (3)  Ponipilus  viaticus,  L.,  s. ;  (4)  Ceropales  maculata 

F.,  8.     B.  Diptera — (a)  Syrphidce :  (5)  Melitbreptus  scriptus,  L. ;  (6)  Melano- 

stoma  mellina,  L.,  both  f.p. ;  (Jb)  MuscidoB :  (7)  Lucilia,  freq. ;  (8)  Pollenia 

rudis,  F.,  both  f.p. 

Gnaphalium  uliginosum,  L. — On  the  inconspicuous  capitula  of 
this  plant  I  once  caught  Sphecodes  ephippia,  L.,  s. 

223.  PULICARIA  DYSENTERiCA,  Gartn. — The  disk  of  the  capitu- 
lum  consists  of  more  than  600  florets.  Each  floret  has  a  tube  about 
4  mm.  long,  narrow  below  and  wider  above,  terminating  in  five 
triangular  teeth.  I  could  not  discover  that  the  honey  rose  up 
into  the  wider  part  of  the  tube,  but  even  without  its  doing  so  it 
is  accessible  to  moderately  short-lipped  insects.  In  these  florets 
of  the  disk  no  part  of  the  style,  except  its  two  stigmatic  branches, 
protrudes  from  the  anther- cylinder.  The  stigmas  spread  apart 
horizontally,  close  above  the  corolla,  in  the  same  spot  where  the 
pollen  lay  in  the  first  stage,  so  that  here  also  many  florets  can  be 
fertilised  simultaneously  by  an  insect- visitor.  The  branches  of 
the  style  are  covered  over  their  whole  inner  surfaces  with  stig- 
matic papillae,  and  on  the  upper  third  of  their  outer  surfaces  with 
hairs  which  point  obliquely  upwards.  Along  the  edges  of  the 
triangular  valves  which  form  the  upper  end  of  the  anther- cylinder 
stand  unicellular  hairs,  which  are  much  longer  and  thicker  than 
the  sweeping-hairs  on  the  style  and  which  serve  to  hold  the 
pollen  that  has  been  swept  out  of  the  anther-cylinder.  The  disk 
is  surrounded  by  nearly  100  marginal  florets,  each  of  which  has 
an  outer  golden-yellow  lobe  5  to  7  mm.  long ;  in  these  the  tube  is 
2  to  3  mm.  long,  and  from  it  a  style  protrudes  identical  with  that  in 
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the  florets  of  the  disk,  possessing  even  the  sweeping-hairs  that  are 
here  useless  from  the  absence  of  stamens. 

Visitors  :  A.  Hymenoptera — Apidm :  (1)  Heriades  truncorum,  L.  9  (J , 
very  freq.,  s.  and  c.p. ;  (2)  Halictus  longulus,  Sm.  $ ;  (3)  H.  maculatus,  Sm. 
(J ;  (4)  H.  albipes,  F.  $ ;  (5)  H.  cylindricus,  F.  ^ ;  (6)  H.  nitidus,  Schenck,  $ , 
all  6.  B.  Diptera — a^yrphidae  :  (7)  Eristalis  arbustorum,  L. ;  (8)  E.  sepulcralis 
L.,  both  species,  f.p.,  very  ab. ;  (9)  Melitlireptus  scriptus,  L.,  f.p.  C.  Lepid- 
optera — (10)  Polyoinmatus  dorilis,  Hfn. ;  (11)  Lycaena  sp. ;  (12)  Hesperia 
thaumas,  Hfn.,  s.  D.  Coleoptera — Chrysomelidce :  (13)  Cassida  murraea,  L., 
whose  larva  feeds  on  the  leaves  of  this  plant,  often  creeps  about  the  flowers  and 
effects  cross-fertilisation. 


Tribe  Helianthoulece. 

Zinnia,  my  brother  Fritz  Miiller  tells  me,  is  visited  almost 
exclusively  by  Lepidoptera,  especially  Hesperidae,  at  Itajahy.  In 
North  America  it  is  visited  by  ruby-throated  humming-birds  also 

(730. 

224.  Helianthus  multiflorus,  L. — Delpino  found  Helian- 
thus  fertilised  chiefly  by  Heriades  tncnccmcm,  L.,  which  tapped  the 
flowers  in  their  first  (male)  stage  with  its  abdomen,  and  dexterously 
swept  up  the  pollen  that  exuded  from  the  anther-cylinder  with  its 
abdominal  collecting-hairs  ;  hence  he  concluded  that  the  insect 
and  the  plant  had  been  specially  created  for  one  another.  The 
various  relations  of  insects  to  flowers,  as  they  are  described  in  this 
book,  prove  such  a  conception  to  be  untenable. 

I  have  observed  as  visitors  of  H.  multijlorus : — 

A.  Hymenoptera — Apxdm :  (1)  Megachile  centuncularis,  F.,  c.p.  ;  (2) 
Halictus  zonulas,  Sm.  $ ,  s.  B.  Diptera — Syrphidce  :  (3)  Eristalis  tenax,  L.  ; 
(4)  Syrphus  pyrastri,  L.  ;  (5)  S.  ribesii,  L.,  all  three  f.p.  and  s. 


Tribe  Anthemideas, 

225.  Achillea  Millefolium,  L. — This  plant  is  a  very  marked 
instance  of  the  advantage  of  many  small  flowers  being  united 
together,  both  for  attracting  insects  and  for  simultaneous  cross- 
fertilisation  of  many  flowers  by  a  single  insect-visitor. 

In  the  florets  of  the  disk,  the  corolla  consists  of  a  tube  scarcely 
2  mm.  long,  passing  above  into  a  throat  1  mm.  long  and  equally 
wide,  ending  in  five  triangular  teeth.  Honey  is  secreted  by  an 
annular  ridge  (6,  Fig.  112,  2)  surrounding  the  base  of  the  style, 
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and  rises  up  into  the  throat  and  so  is  accessible  to  the  most  short- 
lipped  insects.  When  the  flower  opens,  the  two  divisions  of  the 
style  are  closely  appressed  and  project  ioto  the  lower  part  of  the 
anther-cylinder  which  is  filled  with  pollen  (Fig.  112,  2).    They  are 


l-t.—Aeliatrm  MmrfollMm,  L. 
1.— A  oapitnlKn,  tnnn  ibom.    a.  itltnniia  at  frmalv  Bawtn ;  t,  eSglau  of  Dorfll  nf  the  diali  Id 
Ibdr  Mcnod  Mifa :  c.  mtlier-nliiiden  of  dliikOotcia  to  ilicLr  nnt  bU^e ;  ii,  bud  about  U  o^ta. 
Sumrtovi  rmiriiir  Iwda  an  liiddro  In  the  «n1»  nf  tha  eapltuliiin. 


£.— Tipor>ly1eof 
p,  i»l:eii-K™ina. 

I-K-Ckryicnllitmiiwi  Inconflim 
S.— DIak-flnnt.  tn  nr-t<rn>lel>tage. 
7.— nitin,  in  aernmj  (!■  male)  ati.ge. 
a.— Up  uf  otia  aUt;imiUo  bnuiJi,  ac«ii 


nadTanroLwlthlta  bract;  the  yinllcD  la  lasufng  rtom  (he  anthai- 
.Iprnsa  an  ai-ptrat«  and  ciserted  ;  tha  imthcri  have  been  ttithdnwn 
-at  In  lu  Snt  (male)  atige.  Ir*.  lUgmatlc  papUle :  I,  awecping-hatn ; 


mtbe  Inner alda(x  SO). 


furnished  at  the  tip  with  divergent  hairs  (5),  so  that  as  the  style 
elongates  the  pollen  is  pressed  out  at  the  upper  end  of  the  anther- 
cyhnder,  whose  terminal  valves  (o,  2)  separate.  Finally  the  two 
Iwanches  of  the  style  emerge,  spread  apart,  turning  their  stjgmatic 
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inner  surfaces  upwards,  and  bend  their  hairy  tips  so  far  backwards 
and  inwards  that  some  of  the  pollen  which  remains  adhering  to 
them  is  removed  from  the  chance  of  contact  with  insects  (Fig. 
112,  4).  While  the  pollen  is  being  forced  up  the  anther-cylinder 
projects  slightly  beyond  the  corolla  (Fig.  112,  3) ;  when  the 
stigmas  are  exposed,  the  anther-cylinder  lies  more  deeply  in  the 
throat  of  the  corolla,  having  been  drawn  down  by  the  contracting 
filaments.  The  stigmas  thus  come  to  lie  immediately  above  the 
corolla,  in  the  same  spot  where  the  pollen  was  before.  The  result 
is  that  as  the  under- sides  of  insect- visitors  sweep  over  the  cap- 
itulum  they  come  in  contact  with  many  florets  and  effect  many 
cross-fertilisations  at  the  same  time.  In  this  species,  twenty  or 
more  florets  (which,  however,  do  not  develop  simultaneously,  but 
centripetally)  are  united  in  a  disk  about  3  mm.  in  diameter  ;  but 
since  five  florets  at  the  margin  have  each  an  external  lobe  over 
3  mm.  long  and  rather  more  than  3  mm.  broad,  the  diameter  of 
the  disk  is  increased  to  9  or  10  mm.  The  marginal  florets  have 
attained  this  enormous  development  of  the  corolla  at  the  expense 
of  the  stamens,  which  are  quite  absent ;  they  possess  a  style  how- 
ever, which  divides  into  two  branches,  covered  on  their  upper 
surfaces  with  stigmatic  papillae  but  destitute  of  hairs.  In  spite  of 
the  enlargement  of  the  corolla  in  the  marginal  florets,  the  capitula, 
when  they  stand  alone,  are  not  very  conspicuous ;  but  very  many 
capitula,  often  more  than  one  hundred,  are  united  in  a  corymbose 
inflorescence,  which  is  not  only  very  conspicuous  but  permits  still 
more  extensive  cross-fertilisation  to  be  effected  at  once  by  an 
insect-visitor. 

226.  Achillea  Ptarmica,  L.,  is  distinguished  fi-om  A.  Mille- 
folium  by  the  much  greater  size  of  its  separate  capitula,  which  are, 
however,  associated  in  much  less  numbers  in  an  inflorescence.  About 
eighty  to  over  one  hundred  florets,  each  scarcely  2^  mm.  long,  are 
united  in  a  disk  6  to  7  mm.  in  diameter,  at  whose  edge  eight  to 
twelve  marginal  florets  stand.  Each  of  these  latter  possess  an 
outer  lobe  4  to  6  mm.  long  and  not  quite  so  broad,  whereby  the 
diameter  of  the  attractive  surface  of  each  capitulum  is  increased  to 
15  or  even  18  mm.  In  other  points  the  flowers  agree  with  those  of 
A,  Millefolium,  Both  plants  grow  in  equal  abundance  in  the  same 
localities,  they  flower  at  the  same  time,  and  are  visit-ed  to  the  same 
extent  by  the  same  insects.  In  both,  but  especially  in  A.  MUlc- 
folium,  the  strong  odour  of  the  plants  is  probably  a  great  additional 
attraction;  for  species  of  Prosopis,  which  are  especially  fond  of 
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strong-smelling  flowers,  are  often  found  in  great  numbers  on  both 
plants,  particularly  on  A.  Millefolium. 

The  following  list  of  insects,  which  I  have  observed  on  the 
flowers  of  these  two  species,  shows  how  successfully  the  attractive 
contrivances  described  and  the  easily  accessible  pollen  and  honey 
eflfect  their  purpose  : — 

A.  Hymenoptera — (a)  ApidcE :  (1)  Prosopis  variegata,  F.  $  (J ,  very  ab.  ; 
(2)  P.  pictipes,  Nyl.  9  ^,  both  species  8.,  and  gathering  pollen  with  their 
mouths  ;  (3)  Sphecodes  gibbus,  L.,  all  varieties,  including  ephippia,  L.,  9  ^ »  8.> 
ab. ;  (4)  Halictus  cylindricus,  F.  9  ^  >  c.p.  and  s.  ;  (5)  H.  maculatus,  Sm.,  c.p. ; 
(6)  H.  leucozonius,  K.  9,c.p. ;  (7)  H.  morio,  F.  9,c.p. ;  (8)  H.  villosulus, 
K.  9,  c.p. ;  (9)  H.  rubicundus,  Chr.  (J,  s. ;  (10)  H.  quadricinctus,  F.  ^,  s. ; 
(11)  Audrena  fulvicrus,  K.  9^>  c.p.  and  s.,  ab. ;  (12)  A.  pilipes,  F.  (J,8. ; 
(13)  A.  dorsata,  K.  9  ^>  c.p.  and  s.,  ab. ;  (14)  A.  chrysosceles,  K.  § ;  (15)  A. 
fuscipes,  K.  (J;  (16)  A.  nana,  K.  ^,  s. ;  (17)  A.  argentata,  Sm.  (J,  s. ;  (18)  A. 
albicans,  K.  (J,  s. ;  (19)  A.  lepida,  Schenck,  ^,  s. ;  (20)  A.  nigripes,  K.  9*8.; 
(21)  A.  denticulata,  K.  (J,  s. ;  (22)  Colletes  fodiens,  K.  9  (J>  c.p.,  f.p.  and  s., 
very  ab. ;  (23)  C.  Davieseana,  K.  9  (? »  still  more  ab. ;  (24)  Nomada  zonata, 
Pz.  9 »  8. ;  (25)  N.  ruficornis,  L.  9  >  s-  J  (26)  Stelis  breviascula,  Nyl.  9 »  8. ; 
(27)  Heriades  truncorum,  L.  9  (J>  c.p.  and  s.  ;  (28)  Chelostoma  nigricome, 
Nyl.  ^ ,  8. ;  (29)  Osmia  spinulosa,  K.  9  >  c.p. ;  (30)  0.  leucoraelsena,  K.  9  > 
c.p. ;  (6)  ISphegidcB :  (31)  Crabro  alatus,  Pz.,  Lep.  9  <? »  ^1>-  J  (32)  Cr.  subter- 
raneus,  F.  9  ;  (33)  Lindenius  albUabris,  F.,  freq. ;  (34)  Oxybelus  bellus,  Dlb. ; 
(35)  0.  trispinosus,  F. ;  (36)  0.  unigluiois,  L.,  Dlb.,  all  three  ab.  ;  (37)  Philan- 
ihus  triangulum,  F.  9  ^>  ^req. ;  (38)  Cerceris  arenaria,  L.  (v.  d.  L.),  not  rare  ; 
(39)  C.  labiata,  F.,  ab. ;  (40)  C.  variabilis,  Schrk.,  very  ab. ;  (41)  Dinetus 
pictup,  F. ;  (42)  Amniophila  sabulosa,  L.  ;  (43)  Pompilus  trivialis,  Kl.  ^  ;  (44) 
P.  chalyba?atus,  Schiodte,  9  ;  (45)  P.  plumbeus,  Dhlb.  9  c?  >  (46)  P.  rufipes, 
^'  9  6i  (47)  P.  viaticuR,  L.  ^ ;  (48)  Ceropales  maculata,  F.,  freq.  ;  (c)  Vespidce : 
(49)  Odynerus  sinuatus,  F.  9  >  (50)  0.  parietum,  L.  (J  ;  (51)  Pterocheilus 
phaleraius,  Latr.  9  >  W  ChrysidcB :  (52)  Iledychrum  lucidulum,  Latr.,  Dhlb. 
9  <J,  freq.  ;  {e)  Tenthredinidon :  (53)  Tenthredo  notha,  KL,  s.,  very  freq.  ;  (54) 
Tenthredo  scrophulariae,  L.  ;  (55)  Several  undetermined  sp.  of  Tenthredo.  B. 
Diptera — (a)  Stratiomyidce  :  (56)  Odontomyiaviridula,  F.,  ab.  ;  (h)  TahanUlcB  : 
(57)  Tabanus  rusticus,  L.,  freq.  ;  (c)  BomhylidcB:  (58)  Exoprosopa  capucina, 
F.,  freq.  ;  {d)  Empidce :  (59)  Empis  livida,  L.,  ab. ;  (c)  Syrphidce :  (60)  Meli- 
threptus  scriptiis,  L. ;  (61)  M.  tajniatus,  Mgn.  ;  (62)  Volucella  bombylans,  L. ; 
(63)  V.  pellucens,  L.  (Almethal) ;  (64)  Eristalis  sepulcralis,  L.  ;  (65)  E.  tenax, 
L. ;  (66)  E.  arbustorum,  L.  ;  (67)  E.  nemorum,  L.,  all  four  ab.,  both  s.  and  f.p., 
usually  covered  below  with  pollen  ;  (68)  Syritta  pipiena,  L.,  s.  and  f.p.,  ab.  ; 
(69)  Eumerus  sabulonum.  Fall. ;  (/)  Conopidce :  (70)  Conops  flavipes,  L.  ; 
(71)  Physocephala  vittata,  F.,  both  freq.,  s.  ;  {g)  Muscidce  :  (72)  Gymnosoma 
rotundata,  Pz.  ;  (73)  Ocyptera  cylindrica,  F. ;  (74)  Echinomyia  ferox,  Pz., 
freq. ;  (75)  E.  tesselata,  F. ;  (76)  Gonia  capitata.  Fallen.  C.  Lepidoptera — (a) 
Rhopalocera :  (77)  Pieris  napi,  L. ;  (78)  Hesperia  sil vanus,  Esp. ;  (79)  Satyrus 
pamphilus,  L.  ;  (80)  Polyommatus  Phlceas,  L. ;  (81)  Lycaena  iEgon,  S.  V. ;  (6) 
Cramhina:  (82)  Botys  purpuralis,  L.,  all  s.  D.  Coleoptera — (a)  BupresUdcs: 
(83)  Anthaxia  nitidiUa,  L.  (Thur.)  ;  {b)  Cerambycidas :  (84)  Leptura  testacea, 
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L. ;  (85)  L.  livida,  F.,  both  f.p. ;  (c)  CoccinellidoR :  (86)  Exochomus  auritu8, 
Scriba,  ab. ;  {d)  Chrysomelidce :  (87)  Cryptocephalus  sericeus,  L.,  feediog  on 
the  tissues  of  the  flower.  Forty- three  additional  visitors  (including  fii'teen 
beetles)  are  enumerated  in  No.  590,  iii.     See  also  No.  609. 

227.  Anthemis  arvensis,  L. — The  structure  of  the  flower  is 
similar  to  that  of  ChrysarUhemum  leucanthemum  and  Mati^icaria 
Chamomilla;  in  regard  to  conspicuousness  and  amount  of  insect- 
VLsits  it  stands  between  the  other  two.  Each  capitulum  forms 
a  white  circle  21  to  27  ram.  in  diameter,  with  a  central  yellow 
disk  5  to  7  mm.  in  diameter.  Since  the  plant  does  not  possess 
the  strong  odour  of  M.  Chamomilla  it  is  visited  by  numerous  bees. 

Visitors  :  A.  Hymenoptera — (a)  Apidce  :  (1)  Apia  mellifica,  L.  5 ,  s. ;  (2)  An- 
drena  Sehrankella,  Nyl.  9 ,  c.p.  and  s. ;  (3)  A.  nigrooenea,  K.  $ ,  c.p.  and  s. ; 
(4)  A.  fulvicrus,  K.  9 »  c.p.  and  s.  ;  (5)  A.  nana,  K.  9,8.;  (6)  A.  minutula, 
K.  $ ;  (7)  Halictus  lucidulus,  Schenck,  9  J  (8)  H.  nitidiusculus,  K.  9  J  (9) 
Colletes  Davieseana,  K.  9  <? »  c.p.  and  s.,  ab.  ;  (Jb)  Sphegidce :  (10)  Cerceris 
variabilis,  Schrk.  ^  ;  (11)  Crabro  cribrarius,  L.,  Dlb.  9  ;  (12)  Cr.  alatus,  Pz. 
(J  9  >  W  Tenthredinidce  :  (13)  Tenthredo  notha,  Kl.  B.  Diptera — (a)  Stra- 
iiomyidoi :  (14)  Nemotelus  pantherinus,  L.,  very  ab.  ;  {h)  SyrphidcR  :  (15)  Eri- 
stalis  arbustorum,  L.  ;  (16)  E.  nemorum,  L.  ;  (17)  E.  tenax,  L.  ;  (18)  E. 
sepulcralis,  L.,  all  four  f.p.,  ab.  ;  (19)  Syritta  pipiens,  L.  ;  (c)  MuacidcB :  (20) 
Echinomyia  tesselata,  F.  ;  (21)  Scatophaga  stercoraria,  L.  ;  (22)  Sc.  merdaria, 
F.,  all  three  f.p.  C.  Coleoptera — (a)  Elateridce :  (23)  Athous  niger,  L.  ;  (6) 
CurculionidcB :  (24)  Bruchus  sp. ;  (c)  CerambycidcB  :  (25)  Leptura  livida,  L. 

228.  Anthemis  tinctoria,  L.  (Thuringia,  July,  1868  and 
1870)  :— 

Visitors:  A.  Hymenoptera — (a)  Apirlce :  (1)  Colletes  marginata,  L.  (J ,  s. ; 
(2)  Halictus  maculatus,  Sm.  9 »  c.p.  ;  (3)  Heriades  truncorum,  L.  9  >  s-  and 
c.p.  ;  (h)  IchneumonidcR :  (4)  Various  sp.  B.  Diptera — (a)  SyrphidcR :  (5) 
Eristalis  arbustorum,  L.  ;  (6)  Syritta  pipiens,  L.  ;  (7)  Melithreptus  tseniatus, 
Mjoi.,  all  three  f.p.  ;  {b)  Conopidai :  (8)  Myopa  sp.,  s.  ;  (c)  Muscidce :  (9) 
Gymnosoma  rotundata,  L.  ;  (10)  Ulidia  erythrophlhalma,  Mgn.,  in  hundreds. 
D.  Coleoptera — (a)  Elateridm :  (11)  Agriotes  gallicus.  Lap.  ;  {b)  Mordellida : 
(12)  Mordella  fasciata,  F.  Deipino  mentions  as  a  visitor  of  this  plant  Lomatia 
Beelzebub,  F.  (Diptera,  Bombylida)).  (No.  178,  p.  121.)  The  flowers  are 
described  and  additional  visitors  are  enumerated  in  No.  590. 

229.  Chrysanthemum  leucanthemum,  L.  (Fig.  112,  6—8). 
Four  to  five  hundred  florets,  in  which  the  corolla  is  scarcely  3  mm. 
long,  uuite  to  form  a  yellow  disk  12  to  15  mm.  in  diameter; 
at  its  edge  are  twenty  to  twenty-five  florets  with  abortive 
stamens,  each  of  which  has  a  white  external  lobe,  14  to  18  mm. 
long,  3  to  6  mm.  broad,  so  that  the  yellow  disk  is  surrounded  by  a 
white  border  as  broad  as  or  broader  than  itself,  and  the  whole  attrac- 
tive surface  now  has  a  diameter  of  40  or  more  millimetres.    In  the 
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florets  of  the  disk,  the  throat,  into  which  the  honey  rises,  is  scarcely 
1  mm.  deep,  so  that  the  honey  is  accessible  to  the  most  short- 
lipped  insects.  In  the  first  stage  (Fig.  112,  6),  the  pollen,  and  in 
tiie  second  (Fig.  112, 7),  the  stigmas,  stand  immediately  above  the 
corolla ;  insects  moving  over  the  capitulum  must  cross-fertilise  many 
florets  simultaneously.  The  branches  of  the  style  end  in  a  thick 
tuft  of  divergent  hairs  (/,  8),  which  sweep  the  poUen  out  of  the 
anther-cylinder  (p,  6)  as  the  style  elongates.  The  inner  surface  of 
each  division  of  the  style  bears  two  broad  rows  (k\  8)  of  stigmatic 
papilke,  separated  by  a  narrow  interval ;  these  stigmatic  papillse 
extend  over  the  outer  edges,  and  are  there  regularly  dusted  with 
pollen  if  the  pollen  which  has  got  heaped  above  the  anther- 
cylinder  by  the  protruding  style  is  not  removed  by  insects.  Self- 
fertiUsation  is  as  inevitable  in  absence  of  insects  as  cross-fertilisation 
is  when  their  visits  occur.  The  stigmatic  surfaces  in  the  marginal 
florets  are  just  as  in  the  florets  of  the  disk ;  but  the  now  functionless 
Bweeping-bairs  are  distinctly  shorter  in  the  marginal  florets. 

Visitors  :  A.  Hymenoptera — (a)  Apida :  (1)  Prosopis  communis,  N.  J  ; 
(2)  Sphecodes  gibbus,  L.  ?  ^ ,  all  varieties,  including  ephippia,  L. ;  (3)  Ha- 
lictus  maculatus,  Sm.  ?  <J,  c.p.  and  s.,  freq. ;  (4)  H.  leucozonius,  Schr.  ?,  c.p. ; 
(5)  H.  albipes,  F.  ^ ,  s. ;  (6)  H.  cylindricus,  F.  ?  ^ ,  c.p.  and  s.,  very  ab. ;  (7) 
H.  villosulus,  K.  9  ^ ,  cp.  and  s.  ;  (8)  H.  rubicundus,  Chr.  ? ,  c.p.  ;  (9)  An- 
drena  xanthura,  K.  ?,  s.  ;  (10)  A.  nigroaenea,  K.  $,  c.p.;  (11)  Colletes 
Davieseana,  K.  ?  ^,  c.p.  and  s.,  very  ab.  ;  (12)  Bombus  teirestris,  L.  9>  8., 
once.  (Here  also  Delpino's  distinction  between  Compositae  adapted  for  Ha- 
lictus  and  those  adapted  for  bees  with  abdominal  brushes  falls  to  the  ground, 
for  though  the  flat  disk  of  Chrysanthemum  leucanthemum  must,  according  to 
Delpino,  be  fertilised  mainly  or  exclusively  by  bees  with  abdominal  tcushes,  I 
found  no  such  bees  on  it,  but  many  specimens  of  Halictus,  Andrena,  and 
Colletes).  (6)  Sphegidoe :  (13)  Cerceris  variabilis,  Schrk. ;  (14)  Crabro  cepha- 
lotes.  Shuck.  ?;  (15)  Cr.  cribrarius,  L.,  Dlb.  ^,  freq.;  (16)  Oxybelus 
uniglumis,  L.,  Dlb.,  ab. ;  (17)  0.  trispinosus,  F.  ;  (c)  Ichneumonidcs :  (18) 
Various  sp. ;  (d)  TenthredinidcB :  (19)  Tenthredo  (Allantus)  notha,  KL,  s. ;  (20) 
T.  scrophulariae,  L.  ;  (21)  Several  undetermined  sp.  of  Tenthredo  ;  (22)  Cim- 
bex  sericea,  L.  B.  Diptera — (a)  EmptdcR :  (23)  Empis  rustica,  F.,  s. ;  (6)  StrcL- 
tinmyidce :  (24)  Nemotelus  pantherinus,  L.,  exceedingly  abundant,  sucking ; 
(25)  Odontomyia  viridula,  F.,  very  ab.,  s. ;  (c)  Bomhylida :  (26)  Systoechus 
sulfureus,  Mikan,  s.  (Sid.)  ;  {d)  RyrphidcR :  (27)  Pipiza  lugubris,  F. ;  (28) 
Cheilosia  fratema,  Mgn. ;  (29)  Syrphus  nitidicoUis,  Mgn.,  f.p. ;  (30)  Meli- 
threptus  taeniatus,  Mgn.,  f.p. ;  (31)  Volucella  pellucens,  L.  (Sid.) ;  (32)  Sjrritta 
pipiens,  L.,  s. ;  (33)  Eristalia  arbustorum,  L.  ;  (34)  E.  horticola,  Deg.  (Sid.)  ; 
(35)  E.  nemorum,  L.  ;  (36)  E.  sepulcralis,  L. ;  (37)  E.  seneus.  Scop.,  aJl  five 
species  very  ab.,  f.p.  ;  (38)  Helophilus  floreuis  L.,  f.p. ;  (39)  H.  pendulus,  L.  ; 
(e)  ConnpidcR :  (40)  Conops  flavipes,  L.,  s.  ;  (41)  Sicus  ferrugineus,  L.,  s. ;  (/) 
MuBcidoi :  (42)  EcLinomyia  tesselata,  F.  ;  (43)  PoUenia  Vespillo,  F.,  f.p.  uid 
t. ;  (44)  Lucilia  comicinay  F.  ;  (45)  L.  silvarum,  Mgn. ;  (46)  Pyrellia  aenea, 
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Zett  ;  (47)  Musca  corvina,  F.  ;  (48)  Scatophaga  stercoraria,  L.,  s. ;  (49)  Mac- 
quartia  prsetica,  Zett.  ;  (50)  Sepsis  sp.,  s.  C.  Lepidoptera — (a)  Khopalocera : 
(51)  Melitaea  Athalia,  Esp. ;  (52)  Hesperia  alveolus,  H. ;  (53)  Satyrus  Janira, 
L. ;  (A)  Sphinges :  (54)  Ino  statices,  L.,  freq.  ;  (c)  Noctua :  (55)  Anarta 
myrtilli,  L.,  all  s.  D.  Coleoptera— (a)  NitidalidcR :  (56)  Meligethes,  veryab. ; 
(6)  Dermestid^ :  (57)  Anthrenus  pimpinellae,  F.,  f.p. ;  (c)  Elaterida :  (58) 
Athoua  niger,  L. ;  (rf)  LameUicornia :  (59)  Cetonia  aurata,  L.  (Sid.) ;  (60) 
Trichius  fasciatus,  L.,  ab.  ;  (61)  Tr.  nobais,  L.  ;  {e)  Malacodermata :  (62) 
Malachius  aeneus,  L.  ;  (63)  Dasytes  flavipes,  F. ;  (64)  Trichodes  apiarius,  L.  ; 
(/)  Mordellida :  (65)  Mordella  aculeata,  L.,  ab.  ;  (66)  M.  fasciata,  F. ;  {g) 
Cerambycidce :  (67)  Strangalia  attenuata,  L.  ;  (68)  St.  armatu,  Hbst ;  (69)  St 
atra,  F.  ;  (70)  St.  melanura,  L.,  ab. ;  (71)  Leptura  livida,  F.,  very  freq. ;  (72) 
Pachyta  octomaculata,  F.  (Sid.  Siebengebirge).  See  also  No.  590,  ui.,  and 
No.  609. 


Altogether  I  have  observed  on  C.  leucanthemum — 


ApidiB. 

Other        T^«M« 
Hjmeno-:   ^J^^'   .  Diptera. 
ptera.          ^^™-     : 

Coleo- 
ptera. 

Hemi- 
ptera. 

Total. 

In  Low  Germany 

14 

11 

8 

SO 

21 

84 

On  the  Alps     ... 

5 

2 

84 

20 

6 

1 

68 

In  each  100  insect- visitors  there  are  therefore- 


Apidte. 

other 
Hynieno- 
p'era 

Lepido- 
ptera. 

Diptera 

Coleo- 
ptera. 

Hemi- 
ptera. 

Total. 

In  Low  Germany 

16-6 

131 

9-5 

35-7 

25-0 

99-9 

On  the  Alps     ... 

7-4 

2-9 

500 

29-4 

8  8 

1-4 

99-9 

230.  Chrysanthemum  inodorum,  L. — The  only  visitors  that  I 
have  noticed  are  Eedychmm  lucidulum,  Dhlb.  ^  (Chrysidse),  and 
Vlidia  erythrcplithalma,  Mgn.  (Muscidae). 


231.  Chrysanthemum  corymbosum,  L. — (Thuringia) : — 

ViBitors  :  A.  Hymenoptera — Sphegidce:  (1)  Cerceris  variabilis,  Schrk.  9. 
B.  Diptera — Musdda :  (2)  Ulidia  erytbrophthalma,  Mgn.  C.  Hemiptera — 
(3)  CapsuR  sp.,  8.  Additional  visitors  (nine  Coleoptera,  four  Diptera,  one 
Hemiptera,  five  Hymenoptera,  three  Lepidoptera)  are  enumerated  in  Na 
590,  III. 
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232.  Chrysanthemum  Parthenium,  Pers  : — 

Visitors  :  Lepidoptera — Sphinges :  Sesia  tipulifonnia,  L.,  s.,  also  Halictus 
aud  Fcenus  (No.  590,  iii.). 

233.  Matricaria  Chamomilla,  L. — The  general  structure  of 
the  flower  agrees  with  that  of  C,  leiccanthemum,  but  the  receptacle 
of  the  capitulum  is  always  more  convex  in  this  plant. 

As  the  centripetal  development  of  the  florets  proceeds,  the 
receptacle  rises  up  into  a  cylinder,  rounded  oflf  above.  Those 
florets  which  have  ceased  blooming  always  occupy  the  outer  rim 
around  the  cylinder,  those  that  are  still  in  the  bud  occupy  its 
rounded  apex,  those  that  are  in  full  bloom  occupy  the  space  between 
on  which  insects  alight.  The  result  of  this  peculiarity  is  that  insects 
always  come  at  once  to  the  right  spot  for  obtaining  their  booty  and 
for  fertilising  the  flowers. 

In  regard  to  conspicuousness,  Jf.  Chamomilla  is  far  inferior  to 
C,  leucanthcmuvi ;  for  each  capitulum  forms  a  white  circle  18  to 
24  mm.  in  diameter  against  40  mm.  or  more  in  C.  letccatithemum, 
with  a  yellow  central  disk  6  to  8  mm.  in  diameter  against  12  to  15  mm. 
in  tlie  other.  Accordingly  its  insect-visitors  are  far  less  numerous 
and  less  varied.  The  strong  odour  which  the  capitula  emit  seems 
disagreeable  to  most  bees ;  only  the  species  of  Prosopis,  which  are 
themselves  strong-smelling,  are  fond  of  the  plant,  as  they  are  also 
of  Bufa  gravcolens,  etc.  The  odour  seems  pleasant,  on  the  other 
hand,  to  flies ;  they  are  found  abundantly  on  the  capitula,  and 
constitute  the  chief  fertilisers  of  the  plant. 

Visitors:  A,  Hymcnoptera— (a)  Jpidce:  (1)  Prosopis  signata,  Pz.  (J  9> 
ab.  ;  (2)  Spbecodes  gibbus,  L.  ?  ^  ;  (h)  SphegkJce :  (3)  Oxybelus  uniglumis, 
L.,  ab.  B.  Diptera — (a)  Stratiomyidcp :  (4)  Nemotelus  pantherinus,  L.,  very 
ab.,  8.  ;  (h)  Empida: :  (5)  Empis  livida,  L.,  ab.,  s.  ;  (r)  Spphida; :  (6)  Eri- 
stalis  arbustornm,  L.  ;  (7)  E.  ncDionim,  L.  ;  (8)  E.  sepulcralis,  L.,  all  three 
very  ab.,  f.p.  ;  (9)  Syritta  pipiens,  L.,  very  ab.,  f.p. ;  (d)  Muscidcc :  (10)  Sarco- 
phaga  camaria,  L.,  ab.  ;  (11)  S.  ha?marrhoa,  Mgn.  ;  (12)  PoUenia  Vespillo, 
F.,  all  three  f.p. ;  (13)  Lucilia  comicina,  F. ;  (14)  Spilogaster  nigrita.  Fallen. 
C.  Coleoptera— (a)  NitiduUdce :  (15)  MeHgethes,  ab.  ;  (6)  CeravibycidcB  : 
(16)  Leptura  livida,  L. ;  (17)  Strangalia  attenuata,  L.,  both  not  rare.  See 
also  No.  590,  III. 

234.  Tanacetum  vulgare,  L.— Several  hundred  florets  are 
united  in  a  flat  discoid  capitulum,  to  which  radiating  marginal 
florets  would  be  of  no  use,  since  numerous  capitula  stand  close 
together  almost  forming  a  single  surface.     Tlie  union  of  capitula 
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to  form  one  golden-yellow  surfaxie  is  not  only  of  advantage  to 
this  plant  by  increasing  its  conspicuousness  and  thereby  attracting 
more  insects,  but  also,  as  in  Achillea,  because  the  insects  easily 
pass  without  interruption  over  the  whole  surface  and  cross- 
fertilise  very  many  florets  with  their  feet  in  the  shortest  possible 
time.  It  is  of  especial  advantage  to  pollen-collecting  bees  and 
pollen-feeding  flies,  letting  them  perform  their  work  in  the  quickest 
and  most  convenient  manner;  and  this  advantage  to  the  insects 
reacts  upon  the  plant  itself,  since  these  pollen-seeking  insects 
naturally  prefer  those  flowers  which  ofier  them  such  perceptible 
advantages.  The  honey  is  generally  accessible,  since  the  throat  of 
the  corolla  is  only  1  mm.  deep.  The  condition  of  the  style  aids  in 
the  simultaneous  fertilisation  of  many  florets  by  a  single  visitor. 
It  bears  at  its  apex  a  capitate  tuft  of  divergent  hairs,  and  in  the 
first  stage  of  the  flower  it  presses  the  pollen  out  of  the  anther- 
cylinder,  raising  it  just  so  high  that  it  can  be  swept  off  the  surface 
of  the  capitulum  by  the  insects ;  afterwards  in  the  second  stage,  it 
spreads  out  its  two  branches,  set  with  stigmatic  papillae  on  their 
inner  surfaces,  in  the  same  place  that  the  pollen  occupied  before. 

Visitors :  A.  Hymenoptera — (a)  Apidat :  (1)  Apis  mellifica,  L.  9,8.;  (2) 
Colletes  lodiens,  K.  (J  9 ,  s.  and  c.p.,  very  ab.  ;  (3)  C.  Davieseana,  K.  (J  ? ,  s. 
and  c.p.,  still  more  ab.  ;  (4)  Halictus  maculatus,  Sm.  (J  9,  s.  and  c.p.  very  ab.  ; 
(5)  Andrena  fulvicrus,  K.  (J,  a. ;  (6)  A.  denticulata,  K.  ?,  c.p.  ;  (7)  Sphecodes 
gibbiis,  L.  (^  9 ,  several  varieties,  including  ephippia,  L.,  s.,  and  receiving  some 
pollen  upon  their  hairs  ;  {b)  t^phegidoB :  {&)  Dinetus  pictus,  F.  ?  (J ,  freq.  ; 
(9)  Mellinus  arvensis,  L. ;  (10)  Crabro  sp.  ;  (c)  Veapidcn:  (11)  Odynerus 
parietum,  L.  (J.  B.  Diptera — (a)  iStratiomyidoR :  (12)  Odontomyia  viridula, 
F.,  ab. ;  {b)  Si/rphidce :  (13)  Eristalis  arbustorum,  L.  ;  (14)  E.  nemorum,  L.  ; 
(15)  Syrphus  ribesii,  L.,  all  three  f. p.,  ab. ;  (16)  Syritta  pipiens,  L.,  s.  and  f.p., 
very  freq.  ;  (17)  Melithreptus  taeniatua,  Mgn.,  f.p.;  (c)  Muscidce :  (18)  Sar- 
cophaga  camaria>  L.  C.  Lepidoptera--(a)  Hhopalocera :  (19)  Polyommatus 
Plilceas,  L.  (as  late  as  Oct.  19)  ;  (20)  P.  dqrilis,  Hfn.  ;  (21)  Vanessa  Atalanta, 
L.  (as  late  as  Sept.  27) ;  {h)  Noctuoe :  (22)  Hadena  d  Gdynia,  Esp.cJ,  b.,  by  day  ; 
(c)  Cramlnna  :  (23)  Botyspurpuralis,  L.,all  s.  D.  Coleoptera— (>>«  inellida :  (24) 
Coccinella  bipunctata,  L.  ;  (25)  C.  quinquepunctata,  L.  E.  Hemiptera — (26) 
Several  species  of  bugs.  F.  Neuroptera — (27)  Panorpa  communis,  L.,  freq. 
See  also  No.  590,  iii. 

235.  Artemisia  Dracunculus,  L.,  is  anemophilous,  but  Herr 
Borgstette  has  seen  it  visited  by  Melanostortia  mellina  (Syrphidae). 

Tribe  Senecionidece, 

236.  TussiLAGO  Farfara,  L. — In  centre  of  eaoh  capitulum  are 
thirty  to  forty  male  florets,  around  which  stand  about  tliree  hundred 
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female  florets.  At  night  and  in  dull  weather  the  capitulum  closes  up, 
but  in  sunshine  it  expands  to  a  golden -yellow  disk  20  to  25  mm.  in 
diameter.  The  central  florets  have  an  ovary  with  an  abortive  ovule ; 
around  the  base  of  the  style  is  a  yellow,  fleshy  nectary,  which  is 
visible  through  the  base  of  the  white  tube  of  the  corolla,  which  is 
4  mm.  long.  The  honey  rises  into  the  dark-yellow,  conical  throat, 
which  is  more  than  1  mm.  long;  from  this  throat  the  anther- 
cylinder  protrudes.  The  branches  of  the  style  remain  coherent 
aJmost  to  the  tip,  and  are  covered  above  and  on  their  outer  sides 
with  short  sweeping-hairs.  The  marginal  florets  have  a  perfect 
ovule,  a  tube  3  mm.  long,  devoid  of  honey,  and  a  narrow  linear 
outer  lobe  6  to  8  mm.  long.  The  style  projects  2  to  3  mm.  beyond 
the  tube  of  the  corolla,  and  divides  into  two  branches  not  half  a 
millimetre  long,  furnished  on  their  inner  surfaces  with  stigmatic 
papillse  and  on  their  outer  surfaces  and  at  their  tips  with 
sweeping-hairs  which  are  no  longer  of  use  to  them.  Thus  division 
of  labour  has  here  taken  place :  the  marginal  florets  make  the 
capitulum  conspicuous  and  produce  seed,  while  the  central  florets 
secrete  honey  and  produce  pollen.  The  stigmas  in  the  marginal 
florets  are  distinctly  developed  before  the  pollen  emerges  at  the 
top  of  the  anther-cylinder ;  so  that  if  suflScient  insect-visits  occur, 
cross-fertilisation  of  separate  capitula  always  takes  place.  In 
absence  of  insects  self-fertilisation  is  obviously  impossible. 

Visitors  (April  11,  1869,  Stromberg  Hill):  A.  Hymenoptera — Apida: 
(1)  Apis  mellifica,  L.  9  >  iii  hundreds,  s.  and  c.p.  ;  (2)  Andrena  fulvicruR, 
K.  ? ,  do.  ;  (3)  A.  Gwynana,  K.  ? ,  s.  and  c.p.,  freq. ;  (4)  A.  parvula,  K. 
5 ,  do. ;  (5)  Halictus  nitidus,  Schenck,  ? ,  c.p.  B.  Diptera — (a)  Bomhylida : 
(6)  Bombylius  major,  L.,  s.  ;  (6)  Syrpkidce :  (7)  Eristalis  tenax,  L.,  f.p.  C. 
Coleoptera — Nitidulida :  (8)  Meligethes,  f.p.,  freq.  A  list  of  Alpine  visitors 
(twenty-one  flies,  three  bees,  one  ant,  two  Lepidoptera)  is  given  in  my 
Alpenhlamen  (609). 

Petasites  albtis,  Gartn.,  is  dioecious,  and,  as  is  usual  in  dioecious 
plants,  the  male  capitula  are  the  more  conspicuous.  In  the  female 
capitula  there  are  two  kinds  of  florets.  In  the  centre  are  some  whose 
only  function  is  to  produce  honey,  but  which  possess  functionless 
stamens  and  pistil ;  and  around  these  stand  a  much  larger  number 
of  female  florets,  which  produce  no  honey  and  possess  no  stamens. 
The  male  capitula  may  consist  of  florets  of  one  kind  only ;  these 
secrete  honey  and  possess  a  style,  whose  branches  sweep  out  the 
pollen  from  the  anther-cylinder  by  means  of  hairs  in  the  ordinary 
way  but  are  not  provided  with  stigmatic  papillse.  But  the  male 
capitula,  as  often  as  not,  contain  some  small  fimcCumless  florets 
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also ;  these  occupy  the  same  position  in  the  male  capitulum  as 
the  sexual  florets  in  the  female,  and  they  resemble  the  latter  in 
the  complete  absence  of  a  nectary  and  of  stamens,  in  the  possession 
of  a  style,  and  in  the  very  narrow  tubular  corolla.  They  are 
obviously  degenerate  female  florets,  which  occupy  in  reduced 
numbers  and  in  a  functionless  condition  the  place  that  in  the  primi- 
tively hermaphrodite  or  gynomonoecious  capitulum  was  occupied  by 
functional  female  florets  (609). 

Homogyne  alpina,  Cass.,  is  gynomonoecious.  The  marginal 
female  florets  secrete  no  honey  and  have  lost  all  traces  of  stamens, 
and  their  corolla  is  reduced  to  a  short  and  narrow  tube  with  a 
more  or  less  insignificant  remnant  of  a  ligulate  limb.  I  have 
seen  the  plant  visited  by  five  Diptera,  one  humble-bee,  and 
twenty-eight  Lepidoptera  (609). 

237.  Arnica  Montana,  L.  (Sid.) : — 

Visitors  :  A.  Hymenoptera — Apidoe :  (1)  Apis  mellifica,  L.  9,8.  and 
c.p.,  ab.  ;  (2)  Bombus  pratorum,  L.  9,8.  ;  (3)  Andrena  Gwynana,  K.  ?,cp. 
B.  Diptera — (a)  Bombylula :  (4)  Anthrax  hottcntotta,  L.  ;  {b)  Empidas :  (5) 
Empis  tesselata,  F.,  s.,  ab.  ;  (c)  Syrphida :  (6)  Eristalis  horticola,  Mgn.  ;  (7) 

E.  arbustorum,  L.  ;  (8)  E.  nemorum,  L.,  all  three  very  ab.,  s. ;  (9)  Syrphua 
ribesii,  L.,  ab. ;  (10)  S.  umbellatarum,  Mgn.  ;  (11)  Volucella  bombylans, 
L.,  freq. ;  (12)  V.  pelluccns,  L.,  all  s.  and  f.p.  {d)  Conopxda:  (13)  Sicua 
ferrugineus,  L.,  s.  C.  Lepidoptera— /?A'Tpa/ocera ;  (14)  Argynnis  Aglaia,  L. 
(15)  Vanessa  urticse,  L. ;  (16)  Vanessa  lo,  L.,  all  three  s.  D.  Coleoptera — {a, 
Lamellicornia :  (17)  Trichius  fasciatus,  L.  ;  (6)  Chryaomelidce :  (18)  Crypto- 
cephalus  sericeus,  L. 

The  structure  of  the  flower  is  described  in  my  AlpenUumen. 
On  the  AJps  I  have  found  it  visited  by  three  beetles,  seven  flies, 
four  humble-bees,  and  thirty-four  Lepidoptera. 

238.  Senecio  JACOBiEA,  L. — Sixty  to  eighty  florets,  each  con- 
sisting of  a  tube  2^  to  3  mm.  long  and  a  throat  equally  long,  are 
united  into  a  disk  7  to  10  mm.  in  diameter ;  twelve  to  fifteen 
radiating  marginal  florets  increase  this  diameter  threefold.  The 
style  has  the  same  characters  as  in  Taiiacetum, 

Visitors  :  A.  Hymenoptera — (a)  Ap'ida  .•  (1)  Apis  mellifica,  L.  9,8.  and 
c.p.  ;  (2)  Bombus  lapidarius,  L.  9  ^ ,  c.p.  and  s.  ;  (3)  B.  pratorum,  L.  9  cJ » 
c.p.  and  8.  ;  (4)  B.  campestris,  Pz.  (J,  s.  ;  (5)  Andrena  fulvicrua,  K.  ?,  c.p. 
(6)  A.  denticulata,  K.  ? ,  c.p.  ;  (7)  Halictus  cylindricus,  F.  i  ;  (8)  H.  albipea, 

F.  f\  (9)  H.  maculatus,  Sm.  i\  (10)  H.  nitidus,  Schenck,  ^,all  s.  ;  (11) 
Nomada  varia,  Pz.  ?,  very  freq.  ;  (12)  N.  zonata,  Pz.  9  ;  (13)  N.  fulva,  Pz. 
$  ;  (14)  N.  femiginata,  K.   $,  all  8. ;  (16)  tOsmla  spinuloBa,  K    $,  c.p. 
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(Thuringia) ;  (16)  Heriades  truncorum,  L.  ?  ^ ,  a.  and  c.p.  (6)  Tenthredinulai : 
(17)  Tarpa  cephalotes,  F.  (Thur.)  B.  Diptera— (a)  Stratiomyida :  (18)  Odonto- 
myia  viridula,  F.,  s.  and  f.p.,  very  ab. ;  (6)  Syrphidce  :  (19)  Eristalis  tenax,  L.  ; 
(20)  E.  nemorum,  L. ;  (21)  E.  arbustorum,  L.  ;  (22)  E.  sepulcralis,  L.  ;  (23) 
E.  aeneus,  Scop.  ;  (24)  Syritta  pipiens,  L.  ;  (25)  Ascia  podagrica,  F.,  all  very 
ab.,  both  8.  and  f.p.  ;  (26)  Cheilosia  soror,  Zett.  ;  (27)  Ch.  praecox,  Zett. 
(TeklenbuTg,  Borgst.),  freq.  ;  (c)  Empida :  (28)  Empis  livida,  L.,  very  a,b.,  s.  ; 
(d)  Mutscidce :  (29)  Lucilia  sp.  ;  (30)  PoUenia  rudis,  F.  ;  (31)  Aricia  incana, 
Wiedem.  ;  (32)  Onesia  floralia,  R  D.  ;  (33)  0.  sepulcralis,  Mgn. ;  (34)  Oliviera 
lateralis,  Pz.,  very  freq.  ;  (e)  MyceiophU'vdoR  :  (35)  Sciara  Thomae,  L.  C.  Lcpi- 
doptera — (a)  Rhopalocera :  (36)  Polyommatus  Phloeas,  L. ;  (37)  Satynis 
hyperanthus,  L.  ;  (6)  Sphinges :  (38)  Seaia  asiliforniis,  Rott.  (TLur.),  all  s. 
D.  Coleoptera  :  (39)  (Edemera  virescens,  L.,  f.p.  E.  Hemiptera — (40)  Capsus 
sp.    See  also  No.  590,  iii. 

239.  Senecio  vulgaris,  L. — Sixty  to  eighty  florets  unite  to 
form  a  capitulura.  In  each  the  tube  is  3^  to  4  mm.  long,  the 
throat,  to  whose  base  the  honey  rises,  is  only  1  to  1^  mm.  long ; 
the  honey  is  therefore  very  easily  accessible.  But  since  the 
capitula  have  no  marginal  florets  with  long  outer  lobes,  and  are 
scarcely  4  mm.  in  diameter,  they  are  very  inconspicuous  and  are 
very  sparingly  visited  by  insects. 

In  the  course  of  fifteen  years  I  have  only  seen  the  plant 
visited  by  one  drone-fly,  Syritta  pipieris,  s.  and  c.p.  fireq.,  and  by 
Pyrocoids  aptcra,  L.,  s.  ;  Dr.  Buddeberg  found  two  bees,  HcUictus 
morio,  F.  ?,  c.p.,  and  Heriades  truncomm,  L.  cJ,  s. 

On  the  other  hand,  self-fertilisation  takes  place  regularly.  The 
pollen-grains,  swept  out  by  the  hairs  at  the  tip  of  the  style,  remain 
partly  on  the  edge  of  the  stigmas  and  partly  fall  upon  their  inner 
surfaces  when  they  separate.  It  is  certain  that  this  self-fertilisation 
is  effectual,  for  the  plant  is  fully  productive  even  in  periods  of  bad 
weather,  when  it  is  assuredly  not  visited  by  insects. 

Tribe  Cynaroidece, 

240.  EcHiNOPS  SPH^ROCEPHALUS,  L. — The  corolla  is  5  to  6  mn) . 
long  and  almost  filled  up  by  the  style ;  it  is  cleft  nearly  to  the 
base  into  five  linear  lobes,  and  the  honey  is  therefore  accessible 
to  very  short-lipped  insects.  The  stigmas  are  not  only  surrounded 
by  a  ring  of  long  hairs  at  their  base,  but  are  covered  with  short 
hairs  on  the  whole  of  their  outer  surfaces.  As  the  style  emerges 
from  the  anther-cylinder  it  sweeps  the  greater  part  of  the  pollen 
before  it  but  remains  dusted  with  a  small  part.  After  emerging, 
its  two  branches  (stigmas)  remain  still  for  some  time  folded  together, 
so  that  the  insect-visitors  may  remove  the  pollen  adhering  to  their 
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outer  surfaces;  fiQally  tbej  separate  and  display  their  inner  sur- 
faces (which  are  smooth,  but  capable  of  fecuadatioa)  to  the  touch 
of  visitors.     Self-fertilisation  cannot  occur. 

Hymenoptora--{rt)  Apy>r  .-  (1)  Bombus  lapidnrins,  L.  >}  ;  (2)  B.  silvarum, 
L.  5  ;  (3)  B.  niuscoriim,  F.  (J  J  ;  {4)  HalictiiB  quadritinttiis,  F.  ?  (J !  (5) 
ir.  rubicundius  Chr.  J.  a]l  s.  ;  (ft)  Vatpitlir  .-  (6)  PoiisWs  gallica,  L.,  and  var. 
diadcDiA,  ftb.,  r.    Sfc  oliw  No.  590,  iii. 


Erhinops  Ritro,  L.,  was  found  by  Delpino  to  be  visited  by  a 
sand-wasp,  Scolia  Ucincta  (178), 

241.  Cari.ina  ACAULis,  L. — In  this  plant  the  involucral  bracts 
play  a  more  important  ptirt  than  usual.  The  outer  ones  are  armed 
with  such  strong  spines  that,  in  connection  with  the  spiny  leaves,  they 
fonn  a  strong  safeguard  against  any  attempt  to  devour  the  plant. 
The  inner  ones  help  to  make  the  flower  conspicuous  by  day,  and 
at  night  and  in  rainy  weather  close  in  over  the  flower  to  protect  it 
from  wet  anfl  cold  (609). 

The  opening  and  closing  of  the  capitulum  in  Carlina  and  other 
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Cynareae  is  brought  abdut,  according  to  Rathay,^  by  loss  and  gain 
of  fluid  in  a  layer  of  sclerenchyma  in  the  involucral  bracts. 

Visitors  in  Low  Germany  :  A.  Hyraenoptera — Apidas :  (1)  Bombus 
lapidarius,  L.  ^ ;  (2)  B.  confueus,  Schenck,  ^ ;  (3)  B.  silvarum,  L.  ^  ;  (4; 
B.  agTorum,  F.  (J ;  (5)  B.  muscorum,  F.  ^ ;  (6)  B.  teirestris,  L.  ^ ;  (7) 
B.  rupestris,  L.  (J  ,all  very  freq.,  s.,  Bometimes  spending  the  night  in  the  thistle- 
heads  ;  various  males  of  Halictus,  the  most  frequent  being  (8)  H.  cylindricus, 
F.  ^,  and  (9)  H.  quadricinctus,  F.  ^.  B.  Coleoptera — Curculiofiidce :  (10) 
Larinus  senilis,  F.     For  Alpine  visitors,  see  No.  609. 

242.  Carlina  vulgaris,  L.  (Thuringia,  end  of  August  and 
beginning  of  September  1869) : — 

Visitors  :  A.  Hymenoptera — (a)  Apidce  :  (1)  Bombus  lapidarius,  L.  ^  ;  (2) 
B.  teirestris,  L.  (J  ;  (3)  Halictus  cylindricus,  F.  ^ ,  very  freq.  ;  (4)  H.  quadri- 
cinctus, F.  (J ;  (5)  Megachile  circumcincta,  K.  ?  ;  (6)  M.  lagopoda,  K.  (J , 
(ouly  once  I) ;  (7)  Ccelioxys  quadridentata,  L.  ?  ;  (8)  C.  acuminata,  NyL  ?  ; 
(6)  Sphegidce:  (9)  Ceropalea  maculata,  F.  ?,  all  sucking.  See  also  No. 
590,  III. 

243.  Arctium  (Lappa)  minus,  D.C. — The  throat  of  the  corolla 
is  3  mm.  long,  with  erect,  triangular  teeth  only  1  mm.  long ;  it 
becomes  filled  with  honey  often  more  than  half  way  up.  The 
branches  of  the  style,  which  are  little  over  1  mm.  long,  are  covered 
over  the  whole  inner  surface  with  colourless  stigmatic  papillae,  and 
on  the  violet  outer  surface  with  short,  sharp  hairs,  directed  obliquely 
upwards ;  these  hairs  are  continued  a  short  distance  below  the 
bifurcation  of  the  style  and  terminate  in  a  ring  of  longer  hairs 
(cf  Hild.  357,  p.  45,  pi.  v.,  fig.  32).  The  style  emerges  from  the 
anther-cylinder  as  far  as  a  jioint  1  to  2  mm.  below  the  ring  of 
longer  hairs,  and  spreads  its  two  stigmatic  branches  widely  apart. 
Self-fertilisation  can  scarcely  occur. 

Visitors  :  (1)  Bombus  agrorum,  L.  9»  »•  ;  (2)  Halictus  longulus,  Sm.  ?,  s. 
See  also  No.  590,  in. 

244.  Arctium  (Lappa)  tomentosum,  Lam. 

Visitors  :  A.  Hymenoptera — Apidit :  (1)  Apis  mellifica,  L.  § ,  very  ab.,  e.  and 
c.p. ;  (2)  Bombus  agrorum,  F.  ^  cJ ,  p.  ;  (3)  B.  campestris,  Pz.  (J ,  s.  ;  (4)  B.  sil varum, 
L.  9  >  8.  ;  (5)  Megachile  centuncularis,  L.  ? ,  s.  B.  Lepidoptera — Xoctuw :  (6) 
Plusia  gamma,  L.,  s.,  ab. 

245.  Carduus  crispus,  L.— The  expanded  throat  of  the  corolla 
is  2^  to  3  mm.  long,  and  the  linear,  very  slightly  divergent  segments 

^  Sitzun/jsher,  der  Akad,  der  Wissenschafl,  Berlin,  vol.  Ixxxiii.  May,  1881. 
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are  4  to  5J  mm.  long.  About  thirty-five  to  seventy-eight  florets 
unite  in  a  capituhim,  which  inferiorly  is  scarcely  10  mm.  in 
diameter.  The  tubes  of  the  florets  point  outwards  more  and  more 
the  nearer  they  stand  to  the  edge,  and  the  whole  capitulum  when 
seen  from  above  appears  as  a  red  surface  25  to  30  mm.  in  diameter. 
It  is  also  conspicuous  when  seen  from  the  side.  Otherwise  the 
structure  of  the  flowers  agrees  with  that  of  Cnictcs  arve^isis ;  but 
the  Ust  of  insect-visitors  is  limited  by  the  greater  depth  of  the- 
throat  of  the  corolla. 

Visitors  :  A.  Hymenoptera — ApUIce :  (1)  Bombus  agroruin,  F.  §  (J ,  s.  ; 
(2)  B.  lapidarius,  L.  ^  (J,  s.,  both  ab.  (the  males  as  late  as  October  2)  ;  (3) 
Haliotus  cylindricus,  F.  (J ,  s.  ;  (4)  Osmia  fulviventris,  Pz.  $ ,  c.p.  ;  (5)  Stelis 
aterriuia,  Pz.  $ ,  s.  B.  Diptera — SyrphUice  :  (6)  Eristalis  tenax,  L.,  s.  and  f.p.,  ab. 
C.  Lepidoptera — (7)  Pieris  napi,  L.,  s.  ;  (8)  P.  rapae,  L.     See  also  No.  590,  iii. 

246.  Cahduus  ACANTH0IDE8,  L. — The  capitulum  is  even  more 
conspicuous  than  in  C.  crispus,  since  the  narrow  segments  of  the 
corolla  are  7  to  8  mm.  long  (instead  of  4  to  5^).  The  honey  is 
more  easily  accessible,  for  the  throat  of  the  corolla  is  wider  than  in 
C.  crispua  and  only  2  mm.  long  (instead  of  2i  to  3).  Moreover 
C.  acanthoidcs  (at  Mlihlberg,  in  Thuringia)  grows  associated  in 
much  greater  numbers  than  C.  crispus  (at  Lippstadt).  These  three 
circumstances  account  for  the  very  much  greater  number  and 
variety  of  insect-visitors  in  the  case  of  C.  aca7ithoides,  whose  flower 
has  otherwise  the  same  structure  as  that  of  0,  crispns, 

A.  Hymenoptera— (tf)  Apuice  :  (1)  Bombus  lapidarius,  L.  ^  J  (2)  B.  silva- 
nim,  L.  9  9  ;  (3)  B.  muscorum,  F.  ^  ;  (4)  B.  pratoruiu,  L.  ^  ;  (5)  Dasypoda 
hirtipes,  F.  ?  ;  (6)  Cilissa  tricincta,  K.  (leporiiia,  Pz.),  ?  ;  (7)  Halictus  inter- 
ruptus,  Pz.  (J  ;  (8)  H.  nitidiusculus,  K.  (J  $  ;  (9)  H.  albipes,  F.  (J,  ab. ;  (10) 
H.  quadricinctus,  F.  (J  $ ,  very  ab. ;  (11)  H.  rubicundiis,  Chr.  ^  ?,  {req.  ; 
(12)  H.  longulus, Sm.  ^  $  ;  (13)  H.  cylindricus,  F.  (J;  (14)  H.  quadrinotatus, 
K.  (J,  scarce;  (15)  H.  maculatus,  Sm.  cJ  ?  J  (16)  H.  minutus,  K.  (J;  (17) 
H.  lucidulus,  Schenck,  $  ;  (18)  H.  Smeatlimauellus,  K.  ?  j  all  (1—18)  s.,  only; 
H.  quadricinctus,  $ ,  c.p.  also  ;  (19)  H.  leucozonius,  K.  (J  ? ,  s.  and  c.p.  ;  (20) 
Osmia  spinulosa,  K.  $,  very  ab.,  s.  and  c.p.  ;  (21)  0.  aenea,  L.  (J,  s.  ;  (22)  O. 
aurulenta,  Pz.  ? ,  s.  and  c.p.  ;  (23)  O.  fulviventris,  Y.  ?  >  s.  and  c.p.  ;  (24; 
Megachile  lagopoda,  K.  ?  (J ,  s.  and  c.p.  ;  (25)  M.  centuncularis,  L.  (J ,  s.  ;  (26) 
M.  versicolor,  Sm.  9 ,  s.  ;  (27)  Chelostoma  campanulanim,  L.  ?  cJ ,  s.  and  c.p. ; 
(28)  Heriades  truncoruni,  L.  $  (J ,  s.  and  c.  p.  ;  (29)  Stelis  phaeoptera,  K.  $ , 
not  rare  ;  (30)  St.  aterrima,  Pz.  ?  cJ,  freq.  ;  (31)  St.  breviuscula,  Nyl.  ?  ;  (32) 
Prosopis  punctulatissima,  Sm.  ? .  By  far  the  most  important  visitors  are  the 
))ees  with  abdominal  collecting-brushes.  I  have  found  Osmia  spinulosa  on 
Carduus  acanlhoideH  in  the  same  abundance,  and  working  with  the  same  dili- 
gence, a.^  Megachile  on  Onoportlon.  (b)  Vespidce :  (33)  Cerceris  variabilis, 
Schrk.  9 ,  s.     B.  Diptera — \a)  Syrphida :  (34)  Eristalis  arbustorum,  L.,  s. ; 

z  2 
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(6)  Conopidie :  (35)  Conops  scutellatus,  Mgn. ;  (36)  Pliysocephala  rufipes,  F., 
both  8.  C.  Lepidoptera— (a)  Rhopalocera :  .(37)  Pieris  brassicae,  L.  ;  (38) 
Argynnis  Aglaia,  L.  ;  (6)  Sphinges :  (39)  Zygaena  carniolica,  Scop. ;  (c)  Noctua  : 
(40)  Pliisia  gamma,  L.,  all  s,  D.  Colcoptera— (a)  Elaterida :  (41)  Corymbites 
holosericeua,  L. ;  (6)  Lamellicornia :  (42)  Trichius  fasciatus,  L.  ;  (c)  Curcu- 
lioMcB :  (43)  Larinus  Jaceae,  F. ;  {d)  Chrysomeiidoi :  (44)  Cryptocephalus  seri- 
ceus,  L.    See  also  No.  590,  iii. 

247.  Carduus  nutans,  L.  : — 

Visitors  :  A,  Hymenoptera — Apida :  (1)  Bombus  hortorum,  L.  (J  ;  (2)  B. 
pratorum,  L.  5  cJ  ;  (3)  B.  vestalis,  Fourc.  ^  ;  (4)  Halictus  cylindricus,  F.  ^  ; 
(5)  H.  malachurus,  K.  ?,  all  s.  B.  Lepidoptera — Sphinges:  (6)  Zygaena  loni- 
cerae,  Esp.    See  also  No.  590,  in. 

Carduus  deflorcUits,  L. — I  have  seen  this  species  visited  by  103 
species  of  insects,  of  which  fifty-four  were  Lepidoptera,  mostly 
butterflies  (609). 

248.  Cnicus  (Cirsium)  arvensis,  L. — Somewhat  over  a 
hundred  florets  are  united  in  one  capitulum.  The  tube  of  each 
floret  is  8  to  12  mm.  long,  the  wider  throat  1  to  1^  mm.  long, 
and  the  five  linear,  slightly  divergent  segments  are  4  to  5  mm. 
long.  The  capitulum  is  scarcely  8  mm.  in  diameter  in  its  lower 
bracteate  portion,  but  when  seen  from  above  it  forms  a  red  surface 
20  mm.  or  more  in  diameter.  Since  the  honey  rises  up  into  the 
throats  of  the  florets,  numerous  insects  of  various  orders,  attracted 
by  the  conspicuous  capitula,  are  able  to  enjoy  it.  A  proboscis 
need  only  be  1  to  1^  mm.  long  to  reach  to  the  bottom  of  the 
throat  of  a  floret,  so  that  the  rich  store  of  honey  is  accessible  not 
only  to  bees  and  Lepidoptera,  but  also  to  wasps,  flies,  and  beetles, 
which  seek  it  diligently.  In  the  first  stage  of  the  flower,  a  largo 
quantity  of  pollen  emerges  at  the  upper  end  of  the  anther- 
cylinder,  pressed  up  by  the  lengthening  style.  Owing  to  their 
slight  stickiness  and  to  the  possession  of  sharp  processes  over 
their  whole  surface  (Fig.  114,  2,  3)  the  pollen-grains  adhere  easily 
to  one  another  and  to  the  hairs  upon  the  insect.  Gradually  the 
style  itself  protrudes  2  to  2 J  mm.  from  the  anther-cylinder.  At 
its  end  it  divides  into  two  branches  nearly  2  mm.  long,  which  are 
thickly  covered  on  their  outer  surface  with  small,  shaq^  hairs 
(Fig.  114,  5,  c).  Immediately  below  the  division  of  the  style, 
this  hairy  surface  ends  in  a  ring  of  longer  hairs  {h).  On  emerging 
from  the  anther-cylinder  the  tip  of  the  style  is  thickly  covered  all 
round  with  pollen ;  if  suflBcient  insect-visits  occur,  (and  in  fine 
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weather  they  never  fail)  the  pollen  is  in  a  short  time  all  remoTed, 
But  if  insects  do  not  visit  the  flower  until  the  stigmatic  edges  of 
the  branches  of  the  style  have  already  bent  outwards,  then  self- 
fertilisation  is  possible,  since  in  this  case  the  hairs  of  the  style 
still  remain  covered  with  pollen.  If  insects  do  not  visit  the  flower 
at   nil,   some  of  the  pollen-grains,   which  hang  in  little   clumps 


to  the  hairs,  may  easily  fall  of  themselves  upon  the  stigmatic 
papillss.  In  fine  weather,  and  in  the  open  air,  this  can  scarcely 
ever  t^ike  place,  for  Cnicus  aTvetms  is  one  of  the  most  abundantly 
visited  of  all  our  native  planta  As  the  following  list  shows,  very 
few  insecti  resort  to  it  for  the  sake  of  its  pollen,  but  very  many  for 
its  honey : — 
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Visitors :  A.  Hymenoptera — (a)  Apida  :  (1)  Apis  mellifica,  L.  9 ,  in  great 
abundance,  some  c.p.,  mostly  sucking ;  (2)  Bombus  lapidarius,  L.  $ ,  s. ;  (3) 
B.  hortorum,  L.  <J ,  s.  ;  (4)  Dasypoda  hirtipes,  F,  ?  ^J ,  c.p.  ai\d  a.,  the  $ 
numerous  ;  (5)  Cilissa  leporina,  Pz.  $ ,  s.,  freq.  ;  (6)  Andrena  fulvicnis,  K.  ?  ; 
(7)  A.  dorsata,  K.  ?  (J ,  ab.  ;  (8)  A.  Gwynana,  K.  ?  ^ ,  freq. ;  (9)  A  nana,  K. 
$  ;  (10)  A.  pilipes,  F.  $  ;  (11)  A.  vitrea,  Sm.  (=  nitens,  Schenck),  (J,Cassel ; 
(12)  kalictus  flavipes,  F.  ?  ;  (13)  H.  longulus,  Sm.  $ ;  (14)  H.  tarsatus,  Schenck, 
9  ;  (15)  H.  nitidiusculus,  K.  $ ;  (16)  H.  minutus,  K.  9  ;  (17)  H.  maculatus, 
Sm.  ?  ;  (18)  H.  cylindricus,  F?  <J,  very  ab.  ;  (19)  H.  albipes,  F  ^  ;  (20) 
H.  rubicundus,  Chr.  $  ;  all  the  species  of  Andrena  and  Halictus  and  all  the 
following  bees  only  suck  honey  ;  (21)  Nomada  Solidaginis,  Pz.  9  cj  i  (22)  N. 
Roberjeotiana,  Pz.  9  cJ  ;  (23)  N.  lineola,  Pz.  9  cj  >  al>-  J  (24)  N.  nigrita, 
Scheock,  $  ;  (25)  N.  Jacobaeae,  Pz.  9  <J>  ft^*  J  (26)  Epeolus  variegatus,  L.  9  <J> 
scarce;  (27)  Sphecodes  gibbus,  L.  9  cjj  several  varieties,  i Deluding  ephippia, 
L.  ;  (28)  Prosopis  communis,  NyL  9  >  ft^*  J  (29)  P.  confusa,  Nyl.  (hyalinata, 
Sm.),9  cJ  ;  (30)  P.  sinuata,  Schenck,  $  ;  (31)  P.  variegata,  F  9  (J,ab.;  (32) 
Heriades  truncorum,  L.  9  ;  (P)  Sphegidce :  (33)  Crabro  cribrarius,  L.  9  J  (34) 
Cr.  alatus,  Pz.  9  cJ  >  very  ab. ;  (35)  Lindenius  albilabris,  F.  9  <J  ;  (36)  Oxybelus 
trispinosus,  F.  9  ;  (37)  0.  uniglumis,  L.  9  <J »  ab. ;  (38)  Cerceris  arenaria,  L. 
9  <J,  not  rare ;  (39)  C.  nasuta,  Kl.  9  (?,  ab.  ;  (40)  C.  variabilis,  Schr.  9  <J, 
very  ab.  ;  (41)  Philanthus  triangulum,  F.  9  ^>  fre^-  ;  (42)  Bembex  rostrata, 
L.  9  ;  (43)  Dinetus  pictus,  F.  9  <J  ;  (44)  Ammophila  sabulosa,  L. ;  (45)  Salius 
sanguinolentus,  F.,  all  s.  ;  (r)  Chrysidas :  (46)  Hedychrum  lucidulum,  Latr.  9 » 
8.  ;  (d)  Ichneumonida :  (47)  Various  sp.  ;  (e)  Tenthredinidaa :  (48)  Tenthredo 
notha,  Kl.  ;  (49)  Several  undetermined  sp.,  s.  B.  Diptera—  (a)  Stratiomyida  : 
(50)  Odontomyia  viridula,  F.,  not  rare,  s.;  (6)  Tabanidce :  (51)  Tabanus  rusticusy 
L.,  s.,  freq.  ;  (e)  Bombt/lidce :  (52)  Anthrax  flava,  Mgn.  (Thuringia)  ; 
(rf)  Syrphidce  :  (53)  Syrphus  sp. ;  (54)  Melithreptus  taniatus,  Mgn.  ;  (55) 
Eristalis  sepulcralis,  L. ;  (56)  E.  aeneus,  Scop. ;  (57)  E.  tenax,  L. ;  (58)  E. 
arbustorum,  L.  ;  (59)  E.  nemorum,  L.,  all  ab.,  s. ;  (60)  E.  intricariua,  L.  ;  (61) 
Syritta  pipiens,  L.,  ab.  ;  (e)  ConopidcR :  (62)  Conops  flavipes,  L.  ;  (63)  Physo- 
cephala  rufipes,  F.,  s.,  freq.  ;  (/)  Empida :  (64)  Empis  livida,  L.,  s.  ;  {g) 
Muscidoi :  (65)  Ocyptera  brassicaria,  F.  ;  (66)  0.  cylindrica,  F.,  both  freq.,  s.  ; 
(67)  Sarcophaga  carnaria,  L.,  s.  ;  (68)  Onesia  floralis,  R.  D.  ;  (69)  Lucilia  seri- 
cata,  Mgn.  ;  (70)  L.  cornicina,  F.,  ab.,  s.  ;  (71)  Musca  corvina,  F,  s.,  ab.  ;  (72) 
Oliviera  latenilis,  F.,  s.  ;  (73)  Platystoma  seminatioilis,  F.  C.  Lepidoptera — 
(a)  Rhopaloccra  :  (74)  Vanessa  urticte,  L.  ;  (75)  Pieris  brassica),  L.,  freq.  ; 
(76)  Rlio<locera  rhamni,  L.  ;  (77)  Hesperia  silvanus,  Esp.  ;  (78)  Satyrus  Janira, 
L.  ;  (79)  Thecla  rubi,  L.  ;  (6)  Sphinges :  (80)  Zygaona  carniolica.  Scop.  (Tliu- 
ringia),  all  s.  ;  D.  Coleoptera— (a)  Elater'idft :  (81)  Agriotos  gallicus.  Lap. 
(Thur.)  ;  (82)  A.  ustulatus,  Schaller  (Thur.)  ;  (6)  LameUicomia :  (83)  Tri- 
chius  fasciatus,  L. ;  (c)  Afordellidce :  (84)  Mordella  fasciata,  L.  ;  (85)  M. 
aculeata,  L.,  both  freq.  ;  {d)  Malacodermata :  (86)  Telephorus  melanurus,  F., 
very  abundant,  thrusting  their  heads  into  the  tube,  and  also  pairing  upon  the 
flowers  ;  (e)  Curcvlionida :  (87)  Bruchus,  sp.  ;  (88)  Larinus  Jaceae,  L.  (Thur.). 
See  also  No.  590,  iii.,  for  additional  visitors  in  Low  Germany.  A  list  of 
Alpine  visitors  (four  Coleoptera,  six  Diptera,  seven  bees,  one  Sphegidae,  and 
fourteen  Lepidoptera)  is  given  in  my  Alpenhlumen  (No.  609). 
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249.  Cnicus  (Cirsium)  oleraceus,  L. 

Visitors :  A.  Hymenoptera — Aindce :  (1)  Apis  mellifica,  L.  9,8.;  (2) 
Bombus,  8.  B.  Lepidoptera — Noctu(E  :  (3)  Euclidia  glyphica,  L.,  s.  See  also 
No.  609. 

I  have  not  investigated  the  flowers  closely. 

250.  Cnicus  lanceolatus,  Scop. — The  chief  difference  be- 
tween the  flowers  of  this  species  and  of  C,  arvensis  ig  that  here  the 
honey  is  much  less  ficcessible.  For  not  only  are  the  narrow  tubes 
of  the  florets,  and  accordingly  the  involucre  also,  much  longer 
(16  to  18  mm.),  which  has  no  efifect  on  the  accessibility  of  the 
honey  ;  but  the  throat,  in  whose  base  the  honey  collects,  is  also 
much  longer  (4  to  6  mm.  against  1  to  1^  in  C  arvensis).  From 
this  cause  the  variety  of  insect-visitors  is  greatly  limited  ;  but  the 
flowers  are  all  the  more  diligently  visited  by  long-proboscised  bees, 
especially  humble-bees. 

Visitors:  A.  Hymenoptera — (a)  Apidae :  (1)  Apis  mellifica,  L.  9;  (2) 
Bombus  terrestris,  L.  9  c?  5  (*^)  ^-  agi'*>rum,  F.  ^  (J  ;  (4)  B.  lapidariiis,  L. 
9  cJ  (as  late  as  Oct.  9,  18G9  !),  all  four  ab.,  s.  ;  (5)  B.  campestris,  Pz.  (J,  s.  ; 
(6)  Megachile  maritima,  K.  9 ,  c.p.  ;  {h)  VespuJce. :  (7)  Polistes  gallica,  L.,  and 
var.  (liadema,  frcq.  (h.  ]).  B.  Dipt^iRi — SyrphitlcE :  (8)  Eristalis  tenax,  L. ;  (9) 
E.  arbustoruin,  L.  ;  (10)  E.  nemorum,  L.,  all  three  f.p.  and  a.,  very  ab.  (as 
late  as  Oct.  13,  1874).  C.  Lepidoptera — Rhopalocera:  (11)  Pieris  brassiere,  L., 
ab,,  s.  ;  (12)  Hesperia  sp.,  s.     See  also  No.  590,  iii.,  and  No.  609. 

251.  Cnicus  eriophorus,  Scop.,  is  visited  very  abundantly  in 
Thuringia  by  Megachile  lagopoda,  K.  ?  ^,  s.  and  c.p.  On  the  Alps 
I  have  found  it  visited  by  humble-bees  and  by  various  Fritillaries 
{Argynnis)  (^xDg). 

252.  Cnicus  ochroleucus,  All,  has  yellowish-white  flowers, 
and  is  also  visit^^d  on  the  Alps  by  humble-bees  and  Lepidoptera 

(609). 

253.  Cnicus  palustris,  Scop.,  stands,  in  regard  to  the  ac- 
cessibility of  its  honey  and  the  variety  of  its  insect-visitors, 
between  C.  lanceolatus  and  C.  arvensis.  The  throat  is  2J-  mm. 
long  (in  C.  arvensis  1  to  1^,  in  C.  lanceolatus  4  to  6) ;  in  all  other 
points  the  flowers  of  these  three  species  are  alike  in  structure. 

Visitors  :  A.  Hymenoptera — (a)  ApidcB  :  (1)  Apis  mellifica,  L.  § ,  very 
freq.,  s.  ;  (2)  Bombus  lapidariiis,  L.  9  c?  j  ^.p.  and  s.  ;  (3)  B.  pratorum,  L.  9 » 
p.  ;  (4)  B.  vestalis,  Fourc.  ? ,  s.  ;  (5)  B.  Rajellus,  111.  9  >  8.  ;  (6)  Andrena 
Coitana,  K.  ? ,  p.  ;  (7)  A.  Gwynana,  K.  (J ,  s.  ;  (8)  Halictus  cylindricue,  F,  9  ^ , 
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c.p.  and  8.,  very  freq.  ;  (9)  Megachile  centunculariy,  F.  (J ,  s.  ;  (b)  Spheg'idm  : 
(10)  Liiidenius  albilabris,  F.  B.  Diptera— (a)  Syrphidce  :  (11)  Eristalis  tenax^ 
L.,  8.  and  f.p.  ;  (12)  Volucella  bombylans,  L.,  do. ;  (13)  Syrphu8  tricinctua, 
Fallen,  f.p.  ;  (6)  Conopidce :  (14)  Sicus  ferrugineus,  L.,  s.  C.  Lepidoptera— 
(a)  Rhopalocera :  (15)  Pieris  brassicae,  L.  ;  (16)  P.  rapjB,  L.  ;  (17)  P.  napi,  L.  ; 
(18)  Heaperius  silvanus,  Esp.  ;  (19)  Satyrus  Janira,  L.  ;  (6)  NoctucB :  (20) 
Plusia  gamma,  L.,  all  rather  frcq.,8.  D.  Coleoptera— (a)  EhteridcB:  (21) 
Agriotes  ustulatus,  Schaller  (Sid.).  ;  (6)  Ceramhyc'idoi :  (22)  Strangalia 
melanura,  L.  (Sid.),  ab.     See  also  No.  590,  iii.,  and  No.  609. 

Cnicus  i)alustris  and  G.  arvensis  axe  gynodioecious  according  to 
Darwin  (167). 

Cnicus  acaulis,  All.,  is  visited  by  humble-bees  and  by  Lepi- 
doptera (590,  609). 

Cnicus  spinosissimuSj  Scop. — The  tube  of  the  corolla  is  8  to 
9  mm.,  the  throat  4  to  5  mm.  long.  The  insect-visitors  are  very 
numerous  and  various  (609). 

254.  Cnicus  heterophyllus,  All. — Several  hundred  florets 
unite  to  form  a  capitulum  (I  have  counted  259).  The  tube  is 
15  mm.,  the  throat  8  mm.  long.  I  have  seen  the  flower  visited  by 
Bomhu^  mesomelas,  9  (18  to  20)  (609). 

255.  Onopordum  Acanthium,  L. — In  each  floret  the  honey 
rises  in  the  tube,  which  is  10  to  12  mm.  long,  up  to  the  cylindrical 
somewhat  swollen  throat,  which  is  3  to  4  ram.  long,  and  which 
divides  above  into  five  linear  segments,  G  to  8  mm.  long;  these 
segments  do  not  diverge,  but  are  continued  straight  upwards  from 
the  throat  of  the  corolla.  The  length  of  the  tube  of  the  corolla 
in  this  plant,  and  in  most  other  Cynareae,  has  no  influence  on  the 
accessibility  of  the  honey,  since  the  latter  rises  up  into  the  throat ; 
it  is  due  only  to  the  development  of  the  involucre,  which  gives 
effectual  protection  to  the  buds  by  completely  surrounding  them 
in  the  form  of  a  deep  cup ;  the  long  tubes  also  serve  to  increase 
the  conspicuousncss  of  the  flower,  as  they  bend  more  and  more 
outwards  the  nearer  they  are  to  the  margin.  The  branches  of 
the  style  are  3  to  4  mm.  long;  they  seem  never  to  diverge  in 
Onopordum,  but  remain  closely  appressed.  They  bear  on  their 
outer  edges  rows  of  stigmatic  papillae,  which  in  the  second  (female) 
stage  of  the  flower  turn  more  outwards  and  expose  themselves  to 
the  touch  of  insect- visitors.  One  millimetre  below  its  division 
into  two  branches,  the  style  bears  a  ring  of  short  hairs,  which 
pomt  obliquely  upwards  and  are  long  enough  to  sweep  the  an- 
ther-cylinder (i   mm.  wide,  8  to   10   ram.  long)   clear  of  pollen. 
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Although  in  the  first  stage  this  cylinder,  coated  above  with  pollen, 
and  in  the  second  the  tip  of  the  style,  with  its  two  rows  of  stigmatic 
papillae,  projects  5  to  7  mm.  above  the  segments  of  the  corolla, 
many  florets  are  fertilised  simultaneously  by  the  bees  which 
visit  the  flowers,  particularly  by  those  with  abdominal  collecting 
brushes,  which  diligently  sweep  up  the  pollen  upon  the  surface  of 
the  capitulum. 

On  the  southern  slopes  of  Mlihlberg  and  Wandersleber 
Schlossberg  in  Thuringia,  where  I  observed  Onopordum,  the  two 
handsomest  thistles,  Onopord^im  Acanthium  and  Cirsium  eriophorum, 
were  fertilised  chiefly  by  the  handsomest  of  the  tailor-bees,  MegachUe 
lagopoda^  K.  The  females  fly  boisterously  on  to  a  thistle-head 
and  brush  hurriedly  over  it,  holding  the  abdomen  sometimes  so 
high  that  one  can  see  from  far  ofif  the  red,  hairy  coat  of  its  under 
side,  or  the  blue  pollen  adhering  to  it.  The  mid  and  hindlegs 
are  actively  occupied  meanwhile  in  a  backward  scratching  move- 
ment, and  the  head  is  sunk  among  the  florets.  As  a  rule  the 
female  turns  once  round  upon  the  capitulum  in  brushing  off  its 
pollen.  On  leaving  one  capitulum  it  flies  at  once  to  another, 
until,  being  laden  with  sufficient  pollen,  it  flies  off  to  its  nest. 
The  males  also  sit  occasionally  sucking  honey  upon  these  thistle- 
heads,  but  they  are  much  more  occupied  in  pursuing  the  females. 

Delpino's  generalisation,  based  on  insufficient  observations,  that 
Composite  whose  florets  are  packed  closely  together  to  form  a  level 
surface  are  fertilised  by  bees  with  abdominal  collecting-brushes, 
while  those  whose  essential  organs  are  long  and  widely  separate 
are  fertilised  by  Halichcs,  is  shown  to  be  incorrect  by  this  and  by 
many  more  of  my  observations. 

Visitors  (in  Thuringiu)  :  A.  Hymenoptera— (a)  Apidw:  (1)  Megachile 
lagopocLi,  K.  9  c?  >  c.p.  and  8.,  in  extreme  abundance  ;  (2)  Osmia  fulviventris, 
Pz.  ?  (J,  c.p.  and  8.  ;  (3)  0.  spinulosa,  K.  9>  <^-P- '  W  Ccelioxys  conoidea,  111. 
9,8.;  (5)  HU'Vis  ateirinia,  Pz.  9  cJ?  '**•  J  W  Andrena  Sehrankella,  N.  9  ;  (7) 
Halictus  qua<lristrigatU8,  Latr.  9  j  ^-  *>  (Q)  Saropoda  bimaciilata,  Pz.  9 »  **•  J  W 
Bombus  lapidariiis,  L.,  5,8.;  (10)  B.  terrestris,  L.  9>  ^-  ;  (H)  1^'  nipestris, 
F.  9,8.  ;  {h)  Sphe(jUhv :  (12)  Psammopliila  affinis,  K.  ^^^.  B.  Lepidoptera 
— («)  Hhopalocera  :  (13)  Vanessa  urtica?,  L.,  s. ;  (14)  Satyrus  Galathea,  L.,  8.  ; 
(6)  SphiinjfA  :  (15)  Macroglossa  Btellataruin,  L.,  8.  C.  Coleoptera — (16)  Cocci- 
nella*  mutabil is,  Scribil,  trying  vainly  to  reach  the  honey.  D.  Hemiptera — 
(17)  Capsus,  two  species,  8.     See  also  No.  590,  til,  and  No.  609. 

256.  Serratula  tinctoria,  L.  : — 

Visitors  (at  Muhlberg  in  Thuringia,  Sept.  1871) :  A.  Hymenoptera— 
Apidcp  :  (1)  Bombus  agroruni,  F.  9c?^''Mab.  B.  Lepidoptera— /?//o/>«/oc^r«  .• 
(2)  Colias  hyale,  L.,  s.,  ab. 
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Id  this  species  there  exist  female  and  hermaphrodite  plants 
with  a  close  series  of  intermediate  forms.  The  seeds  of  the  female 
flowers  are  larger  thau  those  of  the  hermaphrodite.* 

257,  Centaurea  Jacea,  L. — The  capitulum  contains  as  a  rule 
fi-om  sixty  to  over  a  hundred  florets ;  in  these  the  tubular  part  of 
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the  corolla  is  7  to  10  mm.  long,  the  expanded  bell-shaped  part 

3  to  4i  mm.  long,  and  the  long,  linear  segmentsabout  5  mm.  long. 

The  capitulum  is  only  8  to  10  mm.  in  diameter  on  alevel  with  the 

'  Sir  .1.  Smith,  Tmta.  Liiin.  Sae.  xHi.  r-  ^fO.  Huoted  hy  Darwin,  So.  167. 
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tubular  parts  of  the  florets,  but  since  these  bend  over  at  their  upper 
ends  more  and  more  the  nearer  they  stand  to  the  edge  and  diverge 
outwards  around  the  capitulum,  a  capitulum  in  full  bloom  forms  a 
red  circular  area  20  to  30  mm.  in  diameter.  When  a  floret  opens, 
its  style  has  the  position  represented  in  Fig.  115,  3  ;  its  two  stigmatic 
divisions  are  closely  appressed  and  inclosed  in  the  upper  part  of 
the  cylinder  formed  by  the  coherent  anthers ;  a  ring  of  hairs  (Fig.  115, 
3,  4,  e),  directed  obliquely  upwards  and  touching  the  inner  wall  of 
the  anther-cylinder  all  round,  has  swept  all  the  pollen  into  this 
upper  part  of  the  cylinder,  so  that  the  branches  of  the  style  are 
closely  packed  round  with  pollen.  If  the  flowers  in  this  stage  are 
left  untouched  for  a  day  or  two  in  a  room,  the  terminal  valves  of 
the  anther-cylinder  separate,  and  a  little  pollen  appears  between 
them  at  the  top.  But  if  one  now  touches  the  filaments  with  a  needle 
or  a  shai-p  pencil  (as  in  a  natural  condition  the  insect's  proboscis 
does),  a  great  quantity  of  pollen  is  in  a  short  time  seen  to  emerge, 
and  the  anther-cylinder  is  seen  to  be  drawn  down  so  far  by  the 
contracting  filaments  that  the  branches  of  the  style  protrude 
above.  Since  their  whole  outer  surface  is  covered  with  small  hairs 
directed  obliquely  upwards,  they  remain,  after  emerging  from  the 
anther-cylinder,  so  thickly  coated  with  pollen,  that  they  are  not 
recognisable  as  branches  of  the  style  until  the  pollen  has  been 
brushed  away. 

Gradually  the  style  grows  up  still  further  beyond  the  anther- 
cylinder  (Fig.  115, 2) ;  tlie  edges  (set  with  stigmatic  papillae)  of  the 
inner  surfaces  of  the  two  branches  of  the  style  bend  outwards 
{g,  2) ;  and  the  ends  of  these  branches  also  gape  asunder,  so  that 
here  also  stigmatic  papillse  are  exposed  to  the  touch  of  insect- 
visitors.  Spontaneous  self-fertilisation  can  under  these  circum- 
stances not  occur,  and  self-fertilisation  can  only  be  brought  about 
by  insects,  if,  at  the  time  when  the  stigmatic  papillas  become 
exposed,  the  outer  surfaces  of  the  branches  of  the  style  or  the  ring 
of  hairs  are  still  dusted  with  pollen ;  on  the  other  hand,  if  suflScient 
insect-visits  occur,  cross-fertilisation  is  fully  insured.  Although 
the  expanded  portion  of  the  corolla  is  longer  than  in  most  of  our 
other  native  Compositse,  and  many  short-lipped  insects  (sand-wasps 
and  the  majority  of  flies)  are  therefore  excluded  from  the  honey, 
yet,  in  consequence  of  the  great  amount  of  its  honey,  it  is  one 
of  the  most  frequented  forms.  Various  species  of  bees  come  in 
numbers  and  pay  lengthy  visits  to  its  capitula,  and  in  creeping 
between  the  anther-cylinders  and  styles  protruding  from  the  florets, 
they  bring  not  only  their*  under-sides,  but  the  greater  part  of  their 
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hairy  bodies  in  contact  at  one  time  with  pollen  and   at  another 
with  stigmatic  surfaces. 

The  following  insects  effect  fertilisation : — 

A.  Hymenoptera — (a)  Apidce :  (1)  Apis  mellifica,  L.  9 ,  ab.,  a.  ;  (2)  Bom- 
bus  silvarum,  L.  ?  9  >  ^  J  (3)  B.  agronim,  F.  9  >  s.  ;  (4)  B.  pratonini,  L.  (J , 
8. ;  (5)  B.  rupestris,  F.,  ?  (J ,  s.  ;  (6)  B.  lapidarius,  L.  9 » s.  ;  (7)  B.  campestris, 
Pz.  (J ,  8.  ;  all  the  humble-bees  dust  chiefly  their  head,  belly,  and  legs  ;  (8) 
Saropoda  bimaculata,  Pz.  ?  (J,  very  ab. ;  (9)  Dasypoda  hirtipes,  F.  (J,  »., 
freq.  ;  (10)  Andrena  pilipes,  F.  ?,  c.p. ;  (11)  Halictua  maculatus,  Sm.,  ?  (J, 
c.p.  and  s.  ;  (12)  H.  quadricinctus,  F.  ?  ^,  c.p.  and  s.,  ab.  ;  (13)  H.  rubi- 
cundus,  Chr.  ?  (J,  c.p.  and  s. ;  (14)  H.  leucozonius,  K,  ?  (J, c.p.  and  s.  ;  (15) 
H.  inteiTuptus,  Pz.  ^,  s.  ;  (16)  H.  cylindricus,  F.  ?  ^,  c.p.  and  s.,  very  ab.  ; 
(17)  H.  nitidiusculus,  K.  ^  ?,  s.  and  c.p.  ;  (18)  H.  albipes,  F.  ^,  s.  ;  (19) 
H.  longuhis,  Sm.  ?  (J ;  (20)  H.  zonulus,  Sm.  cJ,  s.  ;  (21)  H.  minutus,  K.  (J, 
B.  ;  (22)  H.  lucidulus,  Schenck,  ?  ;  (23)  H.  Smeathmanellus,  K.  ? ,  both  s. 
and  c.p.  ;  (24)  Nomada  succincta,  Pz.  ^,  s.  ;  (25)  Osmia  spinulosa,  K.  ?, 
cp.  (Thur.)  ;  (26)  Mcgachile  centuncularis,  L.  ?  (J,  b.  ;  (27)  M.  lagopoda,  K. 
9,  c.p.  (Thur.)  ;  (28)  Anthidium  strigatum,  Latr.  ?,  c.p.  (Thur.)  ;  (b) 
Vespido':  (29)  Polistes  gallica,  F.  (Thur.).  B.  Diptera— (a)  Empida :  (30) 
Empis  rustica,  F.,  s. ;  (6)  Syrphidiu  :  (31)  Helophilus  pendulus,  L.,  b.  ;  (32) 
Erifltalis  tenax,  L.,  sometimes  c.p.,  sometimes  trying  to  thnist  its  rather  thick 
proboscis  into  the  narrow  florets  ;  (33)  Rhingia  rostrata,  L.,  s. ;  (r)  Conopida : 
(34)  Physocephala  vittata,  F.,  s.  ;  (35)  Conops  flavipes,  L.,  s.  C.  Lepidoptera 
— (a)  Rhopalocera  :  (36)  Pieris  brassicae,  L.  ;  (37)  P.  napi,  L.  ;  (38)  Colias 
hyale,  L.  ;  (39)  Polyommatus  Pliloeafi,  L.  ;  (40)  Lycaena  sp.  ;  (41)  Satyrus 
Galathea,  L. ;  (42)  S.  Megaera,  L.  ;  (43)  S.  Janira,  L.  ;  (44)  S.  pamphilus,  L.  ; 
(45)  Hesperia  thaumae,  Hfn.  ;  {b)  Sphinges :  (46)  Zygaena  lonicerae,  Esp.  ; 
(47)  Z.  ciimiolicA,  Scop.  (Tliur.) ;  (r)  Noctuce :  (48)  Plusia  gamma,  L.  See 
also  No.  590,  III.,  and  No.  609. 

I  became  aware  in  August,  1881,  that  the  capitula  of  Centaurea 
Jacea  tend  to  vary  along  two  lines  from  the  commonest  and  appa- 
rently most  primitive  form  which  I  have  just  described.  The  result 
is,  on  the  one  hand,  very  conspicuous  male  capitula  50  to  55  mm. 
in  diameter,  and  on  the  other  hand  less  conspicuous  female  capitula 
30  to  35  mm.  in  diameter.  In  both  of  these  extreme  forms  the 
marginal  florets  have  the  corolla  greatly  enlarged,  but  the  repro- 
ductive organs  functionless.  In  the  male  capitula,  the  florets  of 
the  disk  possess  a  style  as  well  as  anthers,  but  its  stigmas  never 
separate,  but  coalesce  in  their  lower  part.  In  the  female  capitula, 
the  anthers  of  the  disk-florets  are  brownish,  shrunken,  and  devoid 
of  pollen. 

These  extreme  forms  are  connected  by  an  unbroken  .series  of 
transition-stages  with  the  primitive  form.  As  the  primitive  form 
began  to  vary  in  one  direction,  the  marginal  florets  bec<nme  gradually 
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longer  and  more  radiating,  and  their  reproductive  organs  diminished 
pari  passu,  and  first  the  anthers  and  then  the  pistil  became  function- 
less.  Thereupon  the  marginal  florets  increased  still  more  in  size, 
the  pistils  of  the  disk-florets  became  functionless,  and  the  male 
capitula  were  complete. 

Varying  in  the  opposite  direction,  the  corolla  in  some  of  the 
marginal  florets  got  smaller,  and  gradually  the  anthers  became 
brown  and  devoid  of  pollen ;  the  same  changes  proceeded  step  by 
step  towards  the  centre  of  the  flower,  until  now  we  find  the  whole 
capitulum  consisting  only  of  female  florets,  and  measuring  only 
1 5  to  18  mm.  in  diameter.  When  this  state  was  reached,  the  corollae 
of  the  marginal  florets  began  again  to  increase  in  size  and  to  radiate 
outwards,  their  anthers  vanished  completely,  and  their  stigmas  ceased 
to  unfold. 

The  capitula  on  the  same  plant  are  always  much  of  the  same 
fonn.  In  any  locality  where  capitula  of  the  primitive  form  occur 
along  with  female  capitula,  Centaurea  Jacea  may  be  said  to  be 
gynodioecious.  But  since  in  tlie  outset  of  the  last  described  series 
of  changes  the  outer  florets  become  purely  female,  before  the 
conspicuousness  of  the  head  is  visibly  diminished,  it  is  clear  that 
my  explanation  of  the  origin  of  gynodicecism  suggested  in  the 
cases  of  Thyrmcs  and  Glechxnna  cannot  hold  in  this  instance. 
It  seems  much  more  likely  here  that  the  reduced  size  of  the 
corolla  in  the  female  flowers  is  the  result  of  a  tendency  to 
abortion,  spreading  from  the  stamens  to  the  corolla.  This  is 
Dai'win's  explanation  of  all  cases  of  gynodicecism  (No.  167, 
chap  vii. ;  61 1). 

258.  Centaurea  Scabiosa,  L.,  agrees  in  the  whole  structure 
of  its  flower  with  the  previous  species,  but  diflFei*s  only  in  its  honey 
being  more  easily  accessible.  For  while  the  tubular  parts  of  the 
disk-florets  are  longer  than  in  the  previous  species  (11  to  12  mm.), 
the  expanded  part  above,  which  becomes  filled  with  honey,  is 
shorter  (J^\  to  4  mm.),  and  while  in  the  primitive  form  of  C,  Jacea 
tlie  marginal  florets  and  the  disk-florets  were  alike,  I  have  always 
found  in  G,  Scabiosa  the  marginal  florets  devoid  of  stamens  and 
style,  devoid  of  a  wide  superior  portion  (or  throat),  but  notably 
larger  (16  to  22  mm.  long),  with  their  tubes  entirely  directed  out- 
wards and  dividing  into  five  linear  segments,  differing  little  from  one 
another  and  about  2  mm.  longer  than  those  of  the  disk-florets. 

The  less  variety  of  visitors  that  I  have  observed  is  simply  due 
to  the  fact  that  I  have  only  watched  this  species  on  a  few  occasions 


350  THE  FERTILISATION  OF  FLOWEES.         [pabt  hi. 

(in  Thuringia),  while  I  have  met  with  C.  Jacea  in  most  of  my 
excursions  in  summer. 

Visitors  (in  Thiiringia) :  A.  Hjrmenoptera — Apid(E :  (1)  Apis  mellifica,  L. 
9 ,  s.,  ab.  ;  (2)  Bombus  lapidarius,  L.  (J ;  (3)  B.  teire^tris,  L.  (J  ;  (4)  B.  mus- 
conim,  F.  5  ^ ,  c.p.  and  s. ;  (5)  B.  agronim,  F.  $ ;  (6)  B.  silvanim,  L.  $ ; 
(7)  B.  confusus,  Scbenck,  i  ;  (8)  B.  rupestris,  F.  ^ ;  (9)  Halictus  quadri- 
cinctus,  F.  ?  (J,  very  ab.,  all  s.  ;  (10)  H.  maculatus,  Sm.  ?,  c.p.  ;  (11)  Mega- 
cbile  ligniseca,  K.(J  ;  (12)  Osmia  a^nea,  L.^,  s.  ;  (13)  O.  spiniilosa,  K.  ?,  c.p.  ; 
(14)  Antbidium  manicatimi,  L.  (J,  s.  B.  Diptera — {a)  Syrphidce :  (15) 
Eristalis  nemorum,  L.  ;  (6)  Muscidcp :  (16)  Trypeta  comuta,  F.  C.  Lepi- 
doptera — (a)  Rhopalocera :  (17)  Satyrus  Janira,  L.  ;  (18)  Melitsea  Atbalia, 
Esp.  ;  {h)  Sphinges :  (19)  Zygasna  camiolica,  Scop.  D.  Coleoptera — Chryso- 
melidip  :  (20)  Cryptocepbalus  sericeus,  L.  E.  Hemiptera — (21)  Capsus  sp.,  s. 
See  also  No.  590,  iii.  Tbirty-eiglit  Alpine  visitors  (two  Coleoptera,  two  Diptera, 
twelve  Apida;,  twenty-two  Lepidoptera)  are  given  in  my  Alpenhlumen 
(No.  609). 

259.  Centaurea  Cyanus,  L.  (Fig.  115,  5). — In  this  species 
also,  the  marginal  florets  serve  only  to  attract  insects,  but  they  do 
so  in  a  more  effectual  way  than  in  C,  Scahiosa,  for  they  are  large 
and  infundibuliform  and  radiate  outwards,  extending  the  blue 
surface  of  the  capitulum  from  20  to  50  mm.  in  diameter,  and 
making  it  also  conspicuous  in  side  view.  The  honey  is  more  easily 
accessible,  for  above  the  narrow  tubular  part  of  the  floret,  which  is 
5  to  6  mm.  long,  the  wider  part  is  only  3  mm.  long  to  the  place 
where  it  divides  into  linear  segments.  In  this  species  the  simul- 
taneous fertilisation  of  numerous  florets  goes  on  to  a  very  slight 
extent ;  for  the  florets  of  the  disk  are  not  numerous,  and  their  anther- 
cylinders  project  at  wide  intervals.  I  have  never  seen  the 
irritability  of  the  stamens  more  distinctly  shown  in  any  other 
Composite.  In  flowers  which  I  had  allowed  to  develop  in  my  room 
until  the  superior  valvular  appendages  of  the  anthers  had 
separated  of  themselves,  the  filaments  contracted  when  I  touched 
them  so  much  that  the  anther-cylinder  was  drawn  down  to  an 
extent  of  2  to  3  mm.  very  quickly,  and  then  more  slowly  to  an  ex- 
tent of  5  to  6  mm. ;  in  a  few  seconds  a  mass  of  pollen  emerged 
from  the  superior  orifice  of  the  anther-cylinder,  and  then  gradually 
the  style  protruded  3  to  4  mm.  above  the  same  orifice.  In  the 
natural  condition,  I  never  succeeded  in  obtaining  such  distinct 
action  on  touching  the  filaments,  doubtless  because  the  filaments 
had  almost  always  been  touched  by  insects  before  they  had  reached 
the  full  amount  of  tension. 

Visitors:   A.  Hymonoptera  —  (a)  Apida:    (1)  Apis  mellifica,  L.  9ial>»8. 
and  c.p.  ;  (2)  Bombus  silvarum,  L.  ? ,  s.  ;  (3)  Megachile  maritima,  K.  cJ ,  s. ; 
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(b)  Sphegidce :  (4)  Psaniinophila  affinis,  K.,  s.  (proboRcia  5  mm.  long).  B. 
Piptera — (a)  Empu/ce :  (5)  Empis  livida,  L.,  8.,*ab.  ;  (6)  Syrphidce:  (6) 
Eristalifl  arbustorum,  L.,  f.p.  ;  (7)  Rhingia  rostrata,  L.,  s.  C.  Lepidoptera — 
NoctiM :   (8)  Plusia  gamma,  L.,  8.     See  also  No  590,  iii. 

• 

Tribe  Jfutisiaceas, 

Chiiquiraga  insignis,  R.  Br. — The  long,  tubular  florets  of  this 
Composite,  which  grows  on  the  summits  of  the  Andes  (Pichincha), 
are  visited,  according  to  Professor  Jameson,  by  a  humming-bird 
(Oreotrockilus  Pichiiwhcv).    (Delpino,  No.  185.) 

The  cleistogamic  flowers  of  Anatuhna  were  known  to  Linnaeus 
(H.  von  Mohl,  No.  531). 

Tribe  Cic/io^'iacefB. 

260.  CiCHORiUM  Intybus,  L. — The  capitula  are  closed  in 
rainy  weather,  but  expand  in  sunshine  to  form  blue  disks  30  mm. 
and  upwards  in  diameter.  Each  floret  has  a  tube  3  mm.  long  and 
a  limb  13  mm.  long,  and  this  immense  development  of  the  limb 
compensates  for  the  small  number  of  florets  in  each  capitulum. 
The  structure  of  the  florets  agrees  with  that  in  Leontcdon  and 
Hieracium,  except  that  the  branches  of  the  style  are  much  more 
curved,  each  making  one  to  two  spiral  turns ;  self-fertilisation  in 
absence  of  insects  is  thus  much  more  easily  effected. 

Visitors  :  A.  Hymenuptera — Apida :  (1)  Apis  mellifiea,  L.  9>  »•»  al>-  J  (2) 
Andrena  fulvicrus,  K.  9 »  t'-p-  ;  (3)  Halictus  quadricinctus,  F.  ^  ;  (4)  Nitidi- 
usculurt,  K.  (J ;  (5)  H.  rubicund U8,  Chr.  (J  ;  (6)  H.  longulus,  Sm.  ?  ;  (7)  H. 
albipes,  F.  ^,  all  8.  ;  (8)  Osmia  s^iinuloaa,  K.  9,8.  and  c.p.  (Thur.), not  rare. 
B.  Diptera — {a)  SyrphUhp :  (9)  Syritta  pipiens,  L.  ;  (10)  Eristalis  tenax,  L., 
both  species  8.  and  c.p.;  (b)  CouojndcF :  (lU  Sicus  ferrugineus,  L.,  s.  C. 
Lepidoptera — Rboftaiocera  :  (12)  Colias  hyale,  L.,  8.  (Tluu*.).  D.  Coleoptera — 
Malarodermata  :  (13)  Malachius  bipustnlatus,  F.,  f.p.,  ab.  An  additional  list 
r»f  nine  bees  is  given  in  No.  590,  ill. 

Hyoseris  rcu/iafa,  L.,  is  visited  by  Megachile  ceiUtuiculains 
(Delpino,  No.  178,  p.  125). 

261.  Lapsana  communis,  L. — The  capitulum  consists  of  eight 
to  seventeen  florets,  and  expands  to  a  yellow  disk  8  to  10  mm.  in 
diameter.  In  each  floret  the  tube  is  1^  to  2|  mm.  long,  and  the 
limb  4  to  6  mm.  long.  The  capitula  are  solitary  and  comparatively 
small;  they  arc  therefore  not  very  conspicuous,  and  insect-visits 
are  very  few.  In  absence  of  insects,  self-fertilisation  takes  place 
regularly,  and  it  is  doubtless  effective,  since  the  capitula  are  without 
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exception  fertile.  The  anther-cylinder  protrudes  2  to  3  mm. 
from  the  tube,  and  the*  style  1^  to  2  mm.  beyond  the  anther-cylinder. 
The  outer  surface  of  the  projecting  portion  of  the  style  is  covered 
with  pointed  hairs  at  wide  intervals.  The  stigmatic  branches  are 
only  i  mm.  long,  and  are  closely  set  with  papillae  on  their  inner 
surfaces;  they  separate  widely,  and  bring  their  papillae  regularly 
in  contact  with  the  pollen  if  insect- visitors  have  not  removed  it 
from  the  hairs. 

Visitors  :  Diptera — Syrphidm  :  (1)  Eristalis  arbustomm,  L.  ;  (2)  E.  nemo- 
rum,  L.  ;  (3)  E.  sepulcralis,  L.,  all  three  species  f.p.,  not  abundant.  See  also 
No.  590,  III. 

262.  PiCRls  HIERACIOIDES,  L. — The  capitulum  is  composed  of 
forty-four  to  seventy-five  florets,  which  increase  in  size  from  the  cen- 
tre towards  the  circumference;  it  expands  in  sunshine  to  form  a  yellow 
disk  24  to  36  mm.  in  diameter,  in  dull  weather  it  closes  up  till  its 
diameter  is  scarcely  7  mm.  In  each  floret  the  tube  is  4  to  6  mm.  long, 
and  the  limb  8  to  12  mm.  long.  The  stem  is  branched,  and  nearly 
three  feet  high  ;  it  bears  numerous  capitula,  so  that  the  whole  plant 
is  very  conspicuous.  The  honey  rises  into  the  upper  and  wider  part 
of  the  tube,  and  is  therefore  accessible  to  very  short-lipped  insects. 
The  anther-cylinder  projects  5  mm.  beyond  the  tube,  and  the  style 
2^  to  3^  mm.  beyond  the  anther-cylinder ;  so  that  most  insect-visitors 
creep  rather  among  than  over  the  styles,  and  convey  the  pollen 
rather  with  the  hairs  on  their  sides  than  with  those  on  their  under 
surfaces;  but  bees  with  abdominal  collecting  apparatus  are  also 
found  upon  the  flowers. 

The  sweeping-hairs  and  the  stigmatic  papillae  are  distributed 
as  in  the  other  Cichoriaceae  (cf.  Figs.  116,  117).  The  stigmatic 
branches  usually  spread  apart  as  in  other  cases,  but  in  several  in- 
stances I  have  seen  the  left  bent  over  towards  the  right,  and  the 
right  towards  the  left,  so  close  together  that  the  stigmatic  papillae 
of  the  one  were  brushed  by  the  pollen-holding  hairs  of  the  other. 

Visitors  :  A.  Hymenopt^ra — {a)  Apidce :  (1)  Paniirgus  calcaratus,  Scop. 
?  (J,  c.p.  and  8.,  ab.  ;  (2)  Rhophites  (Diifourea)  vul<,'aris,  Schenck,  $»  oh-y  cJ> 
scarce,  s.  and  c.p.  (Tluir.  Wald)  ;  (3)  Halictus  zonuhis,  Sm.  ? ;  (4)  H.  leuco- 
zoniiis,  Schr.  ?  ;  (5)  H.  sexnotatus,  K.  ?  (J  ;  (6)  II.  maculatus,  Sm.  $  ;  (7) 
H.  cylindricus,  F.,  ^  ;  (8)  H.  quadricinctus,  F.  ^  ;  (9)  H.  rnbicundiis,  Chr. 
(J;  (10)  H.  nitidiusculus,  K.  (J;  (11)  H.  albipes,  F.  (J;  (12)  H.  longiihis, 
Sm.  ?  (J ;  (13)  H.  minutus,  K.  ?  <J  ;  (14)  II.  Smeatbmanollus.  K.  ? ,  most 
of  these  species  in  great  numbers,  the  (J  s.,  the  ?  c.p.  and  s.  ;  (15)  lleriados 
trunconim,  L.  ? ,  c.p.  ;  (16)  Osmia  spinulosa,  K.  ? ,  c.p.  (Tlnir.) ;  (h)  Spheffi/fa'  : 
(17)  Crabro  sexcinctus,  v.  d.  L.    ?.     B.  Diptera — (a)  EmpUlcR :  (18)  Empis 
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livida,  L.,  very  ab.,  s.  ;  (b)  Syrphida :  (19)  Eristalis  tenax,  L.  ;  (20)  E.  arbu- 
storum,  L. ;  (21)  E.  nemorum,  L.  ;  (22)  E.  sepulcralis,  L.,  all  four  species  very 
ab.  ;  (23)  Syrphus  balteatus,  Deg.  ;  (24)  Melithreptus  scriptus,  L.  ;  (25)  M. 
taeniatus,  Mgn. ;  (26)  Chrysogaster  viduata,  L.,  all  both  f.p.  and  s.  C.  Lepi- 
doptera — Rhopalocera :  (27)  Pieris  brassicae,  L.  ;  (28)  P.  rapae,  L.,  both  species 
very  ab. ;  (29)  Satyrus  Janira,  L.,  all  three  species  s.     See  also  No.  590,  iii. 

263.  Crepis  biennis,  L.  : — 

Visitors:  A.  Hymenoptera — Apidce :  (1)  Apis  mellitica,  L.,  $,8.;  (2) 
Panurgus  calcaratus,  Scop.,  ?  ^ ,  c.p.,  s.,  very  ab.  ;  (3)  P.  Banksiaims,  K.  ?  (J , 
c.p.,  s.,  scarcer  ;  (4)  Dasypoda  hirtipes,  F.  ^ ,  ab.,  even  in  the  evening  ;  (5) 
Rhophites  (Dufourea)  vulgaris,  Schenck,  ?  ^ ,  very  freq.  (Thur.,  Wald.)  ;  (6) 
Andrena  dorsata,  K.  ?,  c.p.  ;  (7)  A  denticulata,  K.  ?  (J,  c.p.  and  s.  (TekL, 
Borgst.  ;  Thur.)  ;  (8)  A.  fulvago,  Chr.  $ ,  c.p.  (Thur.) ;  (9)  A.  fulvescens,  Sm. 
9,  c.p.  (Thur.)  ;  (10)  A.  parvula,  K.  (J,  s.  ;  (11)  Halictus  longulus,  Sm.  ?  ; 
(12)  H.  maculatus,  Sm.  $;  (13)  H.  leucozonius,  Schr.  9(J,freq.  ;  (14)  H. 
cylindricus,  F.  ?  (J,  ab.  ;  (15)  H.  albipes,  F.  ?  ;  (16)  H.  lugubris,  K.  £ ;  (17) 
H.  flavipes,  K.  (J  ;  (18)  H.  nitidus,  Schenck,  ?  ;  (19)  H.  rubicundus,  Chr.  ^ ; 
(20)  H.  quadricinctus,  F.  cJ ,  ab.  ;  the  (J  of  Halictus  s.,  the  ?  c.p.  and  s.  ;  (21) 
Osmia  spinulosa,  K.  ? ,  s.  and  c.p.,  very  ab.  (Thur.)  ;  (22)  Chelostoma  cam- 
panulanim,  K.  ?  (^ ,  s.  and  c.p.,  very  ab.  ;  (23)  Heriades  truncorum,  L.  ?  (J , 

8.  and  c.p.,  very  ab.  B.  Diptera — Syrphidm :  (24)  Eristalis  tenax,  L.  ;  (25)  E. 
nemonim,  L.  ;  (26)  E.  arbustorum,  L.  ;  (27)  E.  sepulcralis,  L. ;  (28)  Syritta 
pipiens,  L.,  all  five  species  s.  and  f.p.,  very  ab.  ;  (29)  Syrphus  sp.,  f.p.  ;  (30) 
Cheilosia  chrysocoma,  Mgn.,  f.p.  C.  Coleoptera — Nitululklce :  (31)  Meligethes, 
ab.     See  also  No.  590,  in. 

264.  Crepis  tectorum,  L.  : — 

Visitors :  A.  Hymenoptera — (a)  Apidce  :  (1)  Rhophites  (Dufourea)  vulgaris, 
Schenck,  $  (J ,  c.p.  and  s.  ;  (2)  Andrcma  denticulata,  K.  ?  (J  (TekL,  Borgst.)  ; 
(.3)  A.  fulvicrus,  K.  ? ,  c.p.  ;  (4)  Halictus  villosulus,  K.  ? ,  c.p.  ;  (5)  H.  rubi- 
cundus, Chr.  (J,  8.  ;  (6)  H.  quadricinctus,  F.  (J,  ab, ;  (7)  Osmia  spinulosa,  K. 

9 ,  c.p.,  ab.  (Thur.) ';  (8)  Heriades  truncorum,  L.  <J ,  s.  ;  (b)  Sphegid(p :  (9) 
Pompilus  Aiaticus,  L.  ? ,  s.  B.  Diptera — Syrphidoi :  (10)  Cheilosia  chryso- 
coma, Mgn.,  f.p.  (Teklenburg,  Heir  Borgstette).     See  also  No.  590,  in. 

265.  Crepis  virens,  Vill. : — 

Visitors:  A.  HymenopU»ra — Apidie :  (1)  Panurgus  calcaratus,  Scop.  ?  (J, 
c.p.  and  s.,  ab.  ;  (2)  P.  Banksianns,  9  6  >  scarcer  ;  (3)  Rhophites  (Dufourea) 
vulgaris,  Schenck,  $  (J»  ^V-  a"d  ^-y  ^^'  >  W  Dasypoda  hirtipes,  F.  ^,  s.  ;  (5) 
Andrena  denticulata,  K.  $ ,  c.p.  (Thur.  ;  Tekl.,  Borgst.) ;  (6)  A.  dorsata,  K.  ^, 
s.  ;  (7)  Halictus  villosulus,  K.  $ ,  c.p.  ;  (8)  H.  cylindricus,  F.  ? ,  c.p.  ;  (9)  H. 
minutus,  K.  9,  c.p.  B.  Diptera — (a)  Syrphida :  (10)  Eristalis  tenax, L.,  f.p. ; 
(11)  Melithreptus  scriptus,  L.,  f.p.  ;  (12)  M.  tasniatus,  Mgn.,  f.p.  ;  (13)  Syr- 
phus balt<jatu8,  Deg.  ;  (14)  S.  ribesii,  L.  ;  (15)  S.  arcuatus.  Fallen,  all  three 
f.p.  ;  (16)  Cheilosia  chrysocoma,  Mgn.,  f.p.  (Tekl.  B.)  ;  (6)  Conopidce :  (17) 
Sicus  femigineus,  L.,  s.  C.  Coleoptera — Mordellida: :  (18)  Mordella  fasciata, 
F.     See  also  No.  590,  Hi. 

A  A 
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266  IIiERACiUM  OMBELLATUM,  L. — The  florets  have  a  tube 
3  to  5  mm  and  an  oiitor  hmb  S  to  16  mm.  long,  both  increasing  in 
length  gradually  from  the  centre  to  the  periphery  of  the  capitulum. 
The  whole  capitulum  when  fully  expanded,  forms  a  yellow  disk 
about  23  mm  m  diameter 

Honey  is  secreted  by  a  ring  round  the  base  of  the  style,  and 
rises  several  millimetres  in  the  tube    a  proboscis  2  to  3  mm.  long 
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suffices  to  reach  it.  Not  only  the  two  branches  of  the  style  (which 
are  2^  mm.  long)  protrude  from  the  anther-cylinder,  but  also 
about  3i  mm.  of  the  style  below  its  bifurcation;  pollen  remains 
adhering  to  the  sharp,  bristly  hairs  (3,  d)  with  which  the  whole  of 
the  projecting  part  of  the  style  is  clothed.  After  emerging  from 
the   anther-cylinder,   the   two  branches  of  the  style,   which   are 
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covered  all  over  their  inner  surface  with  stigmatic  papillae,  spread 
apart,  and  gradually  bend  so  far  backwards  that  part  of  their 
stigmatic  surface  comes  in  contact  with  the  hairs  (Fig.  116,  2).  So  if 
the  pollen  has  not  been  removed  by  insects,  self-fertilisation  takes 
place.  If  insect-visitors  come  in  proper  time  self-fertilisation  is 
not  impossible,  but  the  chances  are  immensely  in  favour  of  cross- 
fertilisation,  and  of  cross- fertilisation  with  pollen  from  other  capitula, 
as  the  insect  on  alighting  comes  at  once  in  contact  with  the  upper 
surface  of  the  stigmas. 

Visitors  :  A.  Hymenoptera — (a)  Apldce :  (1)  Apis  mvllifica,  L.  9  >  s.  and 
c.p.,  ab.  ;  (2)  Bombus  lapidarius,  L.  9  >  8. ;  (3)  Dasypoda  hirtipes,  F.  ? ,  s. 
and  c.p.  ;  (4)  Panurgus  calcaratns,  Scop.  9^,8.  and  c.p.,  very  ab.  ;  (5)  Halictus 
leucozonius,  Schr.  ?  (J,  s.  and  c.p.  ;  (6)  H.  villosulus,  K.  ?  ^,  s.  and  c.p.  ; 
(7)  Megachile  argentata,  F.  $,s.  ;  (8)  M.  Willughbiella,  K.  (J,  s.  ;  (9)  Coelioxys 
conoidea,  111.  9,8.;  (10)  C.  simplex,  Nyl.  9,8.;  (6)  Cki-ysidce :  (11)  Hedy- 
chnini  lucid uliiiii,  Latr.  (J.  B.  Diptera — (a)  Syrphidce :  (12)  Eristalis  tenax,  L. 
(as  late  as  Oct.  13)  ;  (13)  E.  arbustonim,  L.  ;  (14)  Syrphus  balteatus,  Deg., 
all  three  species  f.p.  and  s.,  very  ab.  ;  (6)  Conopidce :  (15)  Sicus  fermgineuB, 
L.,  8.  ;  (16)  Occeniyia  atra,  F.,  8.  C.  Lepidoptera — Rhopalocera :  (17)  Pieris 
napi,  L.,  ab.  ;  (18)  Satyrus  Megtera,  L.  ;  (19)  Vanessa  urticae,  L.,  not  rare  ; 
(20)  Hesperia  sp.,  all  s.     See  also  No.  590,  in. 

2G7.  HiERACiUM  PILOSELLA,  L. — Forty-two  to  sixty-four  florets 
unite  to  form  a  capitulum,  and  increase  in  size  from  its  centre  to  its 
circumference.  In  each  the  tube  is  3  to  6  mm.  long,  and  the  limb  4 
to  8  mm.  long.  In  sunny  weather  the  capitulum  expands  to  form 
a  yellow  surface  20  mm.  in  diameter,  but  in  dull  weather  it  closes  up. 
On  the  bare  slopes  where  the  plant  grows  abundantly,  its  capitula  are 
conspicuous  enough  to  attract  numerous  insects  in  spite  of  the  small 
size  of  the  plant. 

But  on  the  whole,  insect-visits  are  less  abundant,  though  not 
less  various,  than  in  the  previous  species,  and  accordingly,  while 
the  flowers  are  in  other  respects  similar,  self-fertilisation  is  better 
provided  for  by  the  greater  involution  of  the  stigmas  (Fig.  116,  4). 

Visitors  :  A.  Hymenoptera — (a)  Apidce :  (1)  Panurgus  calcaratns,  Scop.  9  cJ , 
c.p.  and  8.,  ab.  ;  (2)  Andrena  fulvescens,  Sm.  9  ;  (3)  A.  fulvago,  Chr.  9  ;  (4) 
Halictus  leucozonius,  Schr.  9 ;  (5)  H.  villosulus,  K.  9  J  (6)  H.  nitidus, 
Scbenck,  9 » *^11  c-P->  the  two  Andrenae  also  s.  ;  (7)  Ceratina  ccerulea,  Villa,  (J , 
s.,  scarce  ;  (8)  Dipliysis  serratula?,  Pz.  ^ ,  s.,  scarce  ;  (9)  Noniada  Fabriciana,  L. 
9,8.;  (6)  Tenthredinidce  :  (10)  Cephus,  a  small  sp.  B.  Diptera — (a)  Bombyti'dce  : 
(11)  Bombylius  canesceus,  Mik.  (Sid.),  s.  ;  (6)  Syrphidce :  (12)  Helophilus 
floreus,  L.,  f.p.  C.  Lepidoptera — (a)  Rhopalocera :  (13)  Pieris  brassicse,  L.  ; 
(14)  Lycaena  argiolns,  L.  ;  (6)  Noctuce:  (15)  Euclidia  Mi,  L.,  all  a.  D.  Cole- 
optera — {a)  Cerambycidce :    (16)  Leptura  livida,  L.  ;   (6)  Chrysomelidce:  {17) 
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Cryptocephalus  Morsel,  L.,  ab.  ;  (18)  C.  sericeus,  L.,  ab.  See  also  No.  590,  iii., 
for  a  further  list  of  visitors  in  Low  Germany.  A  list  of  Alpine  visitors  (four 
l>eetles,  five  flies,  five  bees,  twenty-seven  Lepidoptera)  is  given  in  my  Alpen- 
hlumen  (690). 

268.   HlERACIUM  VULGATUM,   L.  : — 

Visitors  :  A.  Hymenoptera — Apidas :  (1)  Bombus  Rajellus,  111.  $ ,  s.  ;  (2) 
B.  terrestris,  L.  ? ,  s. ;  (3)  B.  silvarura,  L.  ? ,  s. ;  (4)  Andrena  Coitana,  K.  (J ,  s.  ; 
(5)  A.  fulvescens,  Sm.  ? ,  c.p.  ;  (6)  A.  denticulata,  K.  (J ,  s.  ;  (7)  Halictus 
cylindricus,  F.  ?  ^,  c.p.  and  s.,  ab,  ;  (8)  Panurgus  calcaratus,  Scop.  ?  (J, 
cp.  and  s.,  ab.  B.  Lepidoptera — Rkopalocera  :  (9)  Lycaena  icarus,  Rott,  s. 
See  also  No.  590,  iii. 

269.  Hypoch(ERIs  glabra,  L.  : — 

Visitors  :  Hymenoptera — Apida :  (1)  Rhophites  (Dufourea)  vulgaris, 
Schenck,  ? ,  cp.  and  s.  ;  (2)  Andrena  fulvescens,  Sm.  ? ,  cp.  ;  (3)  Halictus 
nitidiusculus,  K.  ?  (Tekl.,  Borgst.) ;  (4)  H.  cylindricus,  F.  ? ,  cp. ;  (5) 
Spbecodes  gibbus,  L.  ?  ^ ,  s. 

270.  Hypochceris  radicata,  L.: — 

Visitors  :  A.  Hymenoptera — Apidm :  (1)  Apis  mellifica,  L.  5 ,  cp. ;  (2) 
Bombus  lapidarius,  L.  9  >  s*  1  (3)  Dasypoda  hirtipes,  F.  9 ,  cp.,  ab. ;  (4)  Pan^ 
urgus  calcaratus,  Scop.  $  (^ ,  s.  and  cp.,  ab. ;  (5)  P.  Banksianus,  K.  9  (^ ,  s. 
and  cp.,  scarcer ;  (6)  Colletes  Davieseana,  K.  ?  (J ,  cp.  and  b.,  ab. ;  (7)  Rho- 
phites (Dufourea)  vulgaris,  Schenck,  ? ,  cp.  and  s. ;  (8)  Andrena  zanthura, 
K.  ? ,  s. ;  (9)  A.  denticulata,  K.  ?  ^J ,  cp.  and  s.  (Tekl.,  Borgst.  ;  Thur.) ;  (10) 
A.  fulvescens, Sm.  ?,  cp.  (Thur.) ;  (11)  A.  fulvago,  Chr.  $ ,  c.p.  (Thur.) ;  (12) 
Halictus  villoBulus,  K.  ? ,  cp. ;  (13)  H.  malachurus,  K.  $ ,  cp. ;  (14)  H, 
lugubris,  K.  ^  \  (15)  H.  flavipes,  F.  $  ;  (16)  H.  leucozonius, Schr.  $  ^,cp.  and 
8. ;  (17)  H.  cylindricus,  F.  ?  ^ ,  cp.  and  s.  ;  (18)  H.  rubicundus,  Chr.  ? ,  cp. ;  (19) 
H.  sexstrigatus,  Schenck,  ?,  cp.  ;  (20)  H.  brevicomis,  Schenck,  cJ,  s.  ;  (21) 
Sphecodes  gibbus,  L.  ?  (J ;  (22)  Diphysis  serratulae,  Pz.  ^ ,  s.  B.  Diptera 
— (a)  Syrphidce :  (23)  Eristalis  arbustorum,  L.  ;  (24)  E.  nemorum,  L. ;  (25) 
E.  sepulcralis,  L.,  f.p. ;  (26)  Pipiza  funebris,  Mgn.,  f.p. ;  (b)  Comtpida?:  (27) 
Sicus  ferrugineus,  L.,  s.  ;  (c)  JUuscidce :  (28)  Demoticus  plebeius.  Fallen,  s. 
See  also  No.  590,  iii.  and  No.  609. 

271.  Leontodon  autumnalis,  L. — The  capitulum  consists  of 
forty  to  seventy  florets ;  it  expands  in  sunshine  to  a  diameter  of  20  to 
30  mm.,  and  closes  up  in  rainy  weather  till  its  diameter  is  scarcely  5 
mm.  In  each  floret  the  tube  is  2J  to  5  mm.  long,  and  the  limb  7 
to  12  mm.  long.  The  honey  rises  up  into  the  wider  part  of  the 
tube.  The  anther-cylinder  projects  4  to  5  mm.  from  the  tube,  the 
style  3  to  4  mm.  beyond  the  anther-cylinder.  The  style  is  covered 
on  its  outer  surface  with  pointed  sweeping-hairs,  and  is  closely  set 
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with  etigmatic  papillae  oq  the  inner  surface  of  its  hranches,  which 
for  the  moat  part  do  not  become  entirely  separated  (Fig.  117,  2). 

Here,  as  mIHcriskieracioides,jnsectr-v'Kitor%  come  in  contact  with 
the  pollen  and  stigmas  more  with  their  sides  than  with  their  under 
surfaces.     Simultaneous  fertilisation  of  numerous  florets  takes  place 


Fia.  IIT.— IMmtodas  aKiiiaiuKi,  L. 
1.— Flont,  in  ucond  {femh1«)  lUge,  ■Aat  remov&l  of  opary  ind  p*y' 
2.— End  o(  "■--'-■- ' J.— « j_  .11     .  i.i_.  I.  -.1 J 


Id  prccvdliig  Agitrt  (X 


.mM()<  7). 

>tlc  paplllB ;  e.  pt^en-gnliM, 


i  b,  itl^maUc  papUlB , 


here,  as  in  most  Cichoriacese,  to  a  less  extent  than  in  those  Seneci- 
onidse  and  Asteroides  in  which  the  out-pressed  pollen  and  after- 
wards the  stigmas  lie  in  one  plane.  In  this  species,  on  the  other 
hand,  the  florets  are  able  at  one  and  the  same  time  to  receive 
pollen  from  insects  upon  their  stigmas,  and  to  contribute  their 
own  to  the  insect  in  turn. 
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If  suflScient  insects  visit  the  flower  in  time  to  remove  the  pollen 
from  the  sweeping-hairs  before  the  stigmatic  surfaces  appear,  cross- 
fertilisation  is  alone  possible.  If  insect-visitors  only  come  when 
the  branches  of  the  style  have  begun  to  separate,  then  the  possibility 
of  self- fertilisation  by  insect  agency  is  not  excluded.  Even  in  absence 
of  insects,  self-fertilisation  seems  to  be  not  impossible,  since  when 
the  stigmas  separate  their  edges  curve  outwards,  and  their  papillae 
may  easily  come  in  contact  with  pollen  still  upon  the  hairs. 

Visitors :  A.  Hymenoptera — (a)  Apidce :  (1)  Apis  mellifica,  L.  9 ,  s. ;  (2)  Bom- 
bus  lapidariiis,  L.  9  >  s.  ;  (3)  Dasypoda  hirtipes,  F.  ? ,  scrambling  very  rapidly 
over  the  capitulum,  sucking  a  few  florets,  and  then  flying  away  to  another  (the 
enormously  long  hairs  of  the  hindlegs  carry  huge  balls  of  yellow  pollen)  ;  (4) 
Panurgus  calcaratus.  Scop.,  s.  and  c.p. ;  (5)  Andrena  fulvicrus,  K.  ? ,  c.p. ;  (6) 
Halictus  leucozonius,  Schr.  ? ,  s.  and  c.p. ;  (7)  H.  leucopus,  K.  ?  ;  (8)  H.  longulus, 
Sm.  ? ,  both  species  c.p.  and  s.  ;  (9)  H.  Smeathmanellus,  K.  $  ;  (10)  H. 
moiio,  F.  cJ  ;  (11)  H.  maculatus,  Sm.  $  ;  (12)  H.  cylindricus,  F.  ^,  9 — 12  a.  ; 
(13)  Diphysis serratulae,  Pz.  ?  (J,  scarce,  s.  ;  (14)  Prosopis armillata,  Nyl.  (J,8.  ; 
(6)  Sphegi'd(e :  (15)  Pompilus  viaticus,  L.,  s.  B.  Diptera — (a)  Syrphida:  (16) 
Syrphus  pyrastri,  L.,  ab.  ;  (17)  S.  balteatus,  Deg.  ;  (18)  S.  nitidicollis,  Mgn.  ; 
(19)  Melitbreptus  taeniatus,  Mgn. ;  (20)  Volucella  bombylans,  L.  ;  (21)  Eristalis 
sepulcralis,  L.,  ab. ;  (22)  E.  arbustorum,  L.,  very  ab.  (as  late  as  Oct.  13) ;  (23) 

E.  tenax,  L.,  ab.,  all  both  f.p.  and  s.  ;  (b)  Coriopidce. :  (24)  Sicus  ferrugineus,  L.,  s. 
(r)  Bomhylidce :  (25)  Systoechus  sulfureus,  F.,  s.  ;  {d)  Muscidn :  (26)  Sarco- 
phaga  camaria,  L.,  s.  only.  C.  Lepidoptera—  (a)  Rhopalocera :  (27)  Colias 
hyale,  L.  (Thur.)  s.  ;  (6)  Noctuce :  (28)  Plusia  gamma,  L.  (as  late  as  Oct.  14),  s. 
See  also  No.  590,  iii. 

272.  Leontodon  hastilis,  L.  (Koch) : — 

Visitors :  A.  Hymenoptera — (o)  Apider :  (!)  Bombus  Barbutellus,  K.  ? , 

8.  ;  (2)  B.  pratorum,  L.  9 »  s.  and  c.p. ;  (3)  Andrena  fulvescens,  Sm.  $ ,  s.  and 

c.p.,  dusting  itself  verj-  thickly  with  pollen  (Mohnethal)  ;  (4)  A.  Coitana,  K. 

?  (J,  s.  and  c.p.  (Sauerland)  ;  (5)  Halictus  villosulus,  K.  ?,  c.p.,  ab.  ;  (6)  H. 

leucozonius,  Schr.  ? ,  c.p.  ;  (7)  H.  cylindricus,  F.  $ ,  c.p.,  ab.  ;  (8)  H.  albipes 

F.  9  (obovatus,  K.),  c.p.;  (9)  H.  Smeathmanellus,  K.  ?,  c.p.  ;  (b)  Ten- 
thredinida  :  (10)  Tenthredo  sp.,  s.  B.  Diptera — (a)  BonibyHd(E :  (11)  Sys- 
tcDchus  sulfureus,  Mikan,  s.  (Sid.);  (6)  Syr2)hid(E :  (12)  Cheilosia  sp.  ;  (13) 
Melitbreptus  tajniatus,  Meig.,  f.p.  and  s.  (its  stomach  was  quite  full  of  a  yellow 
mass  of  honey  mixed  with  pollen) ;  (14)  Volucella  pellucens,  L.,  s.,  freq.  (Sid.) ; 
(15)  Sericomyia  lappona,  L.,  s.  (Sid.) ;  (16)  Eristalis  horticola,  Deg.,  f.p.  and 
8.  (Sid.),  ab. ;  (17)  E.  arbustorum,  L.,  f.p.  and  s.,  very  ab.  ;  (r)  Conopid(E :  (18) 
Sicus  ferrugineus,  L.,  a.  C.  Le^idoj^tem— Rhopalocera  :  (19)  Hesperia  silvaniis, 
Esp.,  8. 

273.  Leontodon  (Thrincia)  hirtus,  L.  : — 

Visitors-:  A.  Hymenoptera— i4j»M/a :  (1)  Bombus  confusus, Schenck,  (J,  s.  : 
(2)  Panurgus  calcaratus,  Scop.  ?  (J,  c.p.  and -8.,  ab.  ;  (3)  Rhophites  vulgaris 
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Schenck,  $ ,  c.p.  and  b.  ;  (4)  Cilissa  melaniira,  Nyl.  $  ;  (5)  Andrena  denticu- 
lata,  K.  9,  s.  and  c.p.  (Sid.,  Thur.) ;  (6)  A.  fulvicrus,  K.  9,c.p.  ;  (7)  A. 
fulvescens,  Sm.  ? ,  c.p.  (Thur.)  ;  (8)  A.  fulvago,  Chr.  ? ,  c.p.  (Thur.) ;  (9) 
Halictus  villosulus,  K.  9 »  c-P- 1  (10)  H.  leucozonius,  Schr.  ?  ^ ,  c.p.  and  s., 
very  ab.  (Thiiringer  Wald,  August  30,  1869)  ;  (11)  H.  cylindricus,  F.  ?  (J,  c.p. 
and 8. ;  (12)  H.  maculatus,  Sm.  (J,  s.  ;  (13)  H.  Smeathmanellus,  K.  $ ,  c.p.  ;  (14) 
H.  flavipea,  F.  (J ,  s. ;  (15)  H.  lugubris,  K.  (J ,  s.  B.  Diptera — Syrph\dce  :  (16) 
Eristalis  arbustorum,  L.,  s.  and  f.p.  ;  (17)  E.  tcnax,  L.,  do.,  both  species  ab.  ; 
(18)  Syrphus  balteatus,  Deg.,  do.  C.  Lepidoptera— iVoc/mcb  ;  (19)  Plusia 
gamraa,  L.,  s.  (as  late  as  Oct.  14).    See  also  No.  590,  iii. 

274.  Taraxacum  officinale,  L. — The  capitulum  consists  of 
about  100  to  over  200  florets  inserted  on  a  receptacle  only  5  to  7 
mm.  in  diameter.  In  each  floret  the  tube  is  3  to  7  mm.  long  and 
the  limb  7  to  15  mm.  long,  and  in  sunny  weather  the  capitulum 
expands  to  form  a  bright  yellow  surface  30  to  over  50  mm.  in 
diameter.  At  night  and  in  dull  weather  the  capitulum  closes  up 
so  completely  that  only  the  green  involucral  bracts  and  the  dark 
outer  surfaces  of  the  limbs  of  the  outermost  florets  remain  visible. 
The  honey  rises  into  the  upper  part  of  the  tube  (which  is  nearly 
filled  by  the  style),  and  is  therefore  accessible  to  insects  with  very 
short  proboscides.  From  each  tube  an  anther-cylinder  2^  to  5 
mm.  long  protrudes,  and  the  style  grows  to  a  height  of  3  to  5  mm. 
above  the  anther-cylinder.  The  projecting  portion  of  the  style  is 
clothed  with  pointed  hairs  over  its  whole  outer  surface,  which 
retain  entangled  among  them  the  pollen  that  they  have  swept  out 
of  the  anther-cylinder.  The  two  branches  of  the  style,  which  are 
closely  covered  over  their  whole  inner  surfaces  with  stigmatic 
papillae,  are  1^  to  over  2  mm.  long;  they  bend  outwards  and 
curve  so  far  back  that  the  tip  of  each  makes  1^  spiral  turns,  and 
accordingly,  if  insect-visits  have  not  taken  place  and  the  sweeping- 
hairs  are  still  covered  with  pollen,  self-fertilisation  must  take  place 
to  a  great  extent. 

Thus  in  the  Dandelion  we  have  a  plant  which,  by  the  great 
conspicuousness  of  its  flowers  and  the  great  abundance  and  ac- 
cessibility of  its  pollen  and  honey,  attracts  an  immense  variety  of 
insects  in  sunny  spring  weather ;  but  which  has  fully  retained,  or 
has  again  acquired,  the  possibility  of  self-fertilisation,  since  it 
be^jins  to  bloom  so  earlv  that  as  a  rule  its  first  flowers  receive  no 
insect-visits,  while  its  latest  flowers  are  also  liable  to  be  left 
un  visited. 

Visitors  :  A.  Hymenoptera — (a)  ApiffcB :  (1)  Apis  mellifica,  L.  9  >  »•  *^d  c.p., 
very  ab. ;  (2)  Bombua  sil varum,  L.  ?  ;  (3)  B.  terrestris,  L.  ^  ;  (4)  B.  muscorum, 
F.  ?  ;  (5)  B.  lapidarius,  L.  ?  ;  (6)  B.  confusus,  Schenck,  ?  ;  (7)  B.  Barbutellus, 
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K.  9  ;  (8)  B.  vestalis,  Fourc.  ? ,  all  8.  ;  (9)  Andrena  cingulata,  K.  ^ ;  (10; 
A  cineraria,  L.  ?  ^  ;  (11)  A  pratensis,  Nyl.  ?  ;  (12)  A.  nitida,  K.  ?  (J  ;  (13) 

A.  albicans,  K.  ?  ^,  very  ab.  ;  (14)  A  fulva,  Schr.  ?;  (15)  A  Gwynana, 
K.  9  ^,  very  ab. ;  (16)  A  helvola,  L.  ?  (J,  not  rare  ;  (17)  A  mixta,  Schenck, 
9  (var.  of  the  former) ;  (18)  A  varians,  Rossi,  ? ,  not  rare  ;  (19)  A.  atricepp, 
K.  9  ^  ;  (20)  A.  nigrosenea,  K.  ?  ;  (21)  A.  Trimmerana,  K.  ?  ;  (22)  A 
Smithella,  K.  9  (J ,  ab. ;  (23)  A  fulvicrus,  K.  ?  ^ ,  very  ab.  ;  (24)  A.  fasciata, 
Wesm.  9  ^ ;  (25)  A  albicrus,  K.  ?  ^ ;  (26)  A.  parvula,  K.  ?  (J ,  very  ab. ; 
(27)  A.  argentata, Sm.  (gracilis, Schenck),  ^,  ab.  ;  (28)  A.  dorsata,  K.  ?  ^,  ab. ; 
(29)  A.  fulvescens,  Sm.  ?  ;  (30)  A.  connectens,  K.  9  ;  (31)  A.  convexiuscula 
K.  9 ,  all  Andrense  ?  c.p.  and  s.,  the  ^  s. ;  (32)  Halictus  rubicundus,  Clir.  J  ; 
(33)  H.  zonulas,  Sm.  ?  ;  (34)  H.  sexnotatus,  K.  9 ,  ab.  ;  (35)  H.  sexsignatus, 
Schenck,  ? ,  ab.  (as  late  as  Oct  13) ;  (36)  H.  maculatus,  Sm.  ?  ;  (37)  H.  albipea, 
F.  ? ,  ab. ;  (38)  H.  cylindricus,  F.  ? ,  ab. ;  (39)  H.-  flavipes,  F.  ?  ;  (40)  H. 
mono,  F.  ?  ;  (41)  H.  leucopus,  K.  ?  ;  (42)  H.  longulus,  Sm.  ?  ;  (43)  H.  niti- 
diusculus,  K.  9 ,  ab. ;  (44)  H.  villosulus,  K.  ?  ;  (45)  H.  lucidulus,  Schenck,  ?  ; 
(46)  H.  nitidus,  Schenck,  ?  ;  (47)  H.  minutissimus,  K.  ? ,  all  c.p.  and  s. ;  (48) 
Sphecodes  gibbus,  L.  9 ,  s.  ;  (49)  Nomada  ruficomis,  L.  9  ^ ,  very  ab. ;  (50) 
N.  varia,  Pz.  •?  (J,  ab. ;  (51)  N.  Lathburiana,  K.  ?  ;  (52)  N.  flavoguttata, 
K.  (J ;  (53)  N.  lineola,  Pz.  ?  ;  (54)  N.  alternata,  K.  ?  ;  (55)  N.  succincta,  Pz. 
9  i ;  (56)  N.  signata,  Jur.  ?  (j ,  all  s. ;  (57)  Osmia  rufa,  L.  ^ ,  s. ;  (58)  O. 
fusca,  Chr.  (bicolor,  Schr.)  ? ,  s.  and  c.p.  ;  (6)  Formic'xdce :  (59)  Formica  con- 
gerens,  Nyl.    ^ »  *b-i  8.  ;     (r)  Tenthredinida; :   (60)  Cephus,  a  small  sp.,  ab. 

B.  Diptera — (a)  Empida:  (61)  Empis  livida,  L.,  ab.  ;  (62)  E.  punctata,  F.,  ab. ; 
(63)  E.  opaca,  F.,  all  three  s. ;  (b)  Syrphida  :  (64)  Eristalis  oeneus,  Scop.  ;  (65) 
E.  arbustoram,  L. ;  (66)  E.  nemorum,  L. ;  (67)  E.  tenax,  L.  (as  late  as  Oct  13)  ; 
(68)  E.  pertinax.  Scop. :  (69)  E.  sepulcralis,  L. ;  (70)  E.  intricarius,  L.,  all  s. 
and  f.p.,  ab.  ;  (71)  Rhingia  rostrata,  L. ;  (72)  Ascia  lanceolata,  Mgn.,  s. ;  (73) 
A.  podagrica,  F.,  ab.,  f.p.  ;  (74)  Syrphus  nitidicoUis,  Mgn.,  f.p.  ;  (75)  S.  pyrastri, 
L.,  f.p. ;  (76)  Melithreptus  taniatus,  Mgn.,  f.p. ;  (77)  Cheilosia  vernalis, 
Fallen,  f.p. ;  (78)  Ch.  chloris,  Mgn. ,  f.p. ;  (c)  Muscida :  (79)  Scatophaga  ster- 
coraria,  L.  ;  (80)  Sc.  merdaria,  F.,  both  species  s.  and  f.p.,  ab. ;  (81)  Onesia 
floralis,  R.  D.,  freq.  C.  Lepidoptera — Rhopahcera :  (82)  Vanessa  urticae,  L.,  ab. ; 
(83)  V.  lo,  L.,  ab.  ;  (84)  Rhodocera  rhamni,  L. ;  (85)  Pieris  brassier,  L.  ;  (86) 
P.  napi,  L.  ;  (87)  Satyrus  Megsera,  L.  ;  (88)  Hesperia  alveolus,  Hb.,  all  s. 
D.  Coleoptera — (a)  Nitidulida :  (89)  Meligethes,  ab.  ;  (ft)  Bupresddop :  (90) 
Anthaxia nitidula,  L.  ;  (c)  Malacodermata :  (91)  Malachius  bipustulatus,  F.,  f.p.; 
(cf)  CocctnellUlcB  :  (92)  Coccinella  septempunctata,  L.,  tries  in  vain  to  reach  the 
honey.  E.  Hemiptera  ;  (93)  Pyrocoris  aptera,  L.,  s.,  ab.  See  also  No.  590,  in., 
for  a  further  list  of  visitors  in  Low  Germany  ;  and  No.  609  for  a  list  of  Alpine 
visitors. 

Altogether  I  have  observed  upon  the  Dandelion — 
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In  each  100  visitors  there  are  therefore — 
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275.    SONCHUS  OLERACEUS,  L. : — 

Visitors :  A,  Diptera — SyrphidoR :  (1)  Syrphus  balteatus,  Deg.,  f.p. ;  (2) 
S.  arcuatus,  Fall.  ;  (3)  Eristalis  arbustorum,  L.  ;  all  three  species  s.  and  f.p. 
B.  Lepidoptera — Rhopahcera :  (4)  Pieris  brassica?,  L.,  s. 


276.   SONCHUS  ARVENSIS,  L.   : — 

Visitors  :  A.  Hymenoptera — Apida ;  (1)  Apis  mellifica,  L.  <^ ,  s.  and  cp.,  very 
ab.,  it  dusts  itself  over  and  over  with  pollen  ;  (2)  Bombus  sp.,  s. ;  (3)  Panui^s 
calcaratus,  Scop.  ?  ^ ,  s.  and  cp.,  very  ab.  ;  (4)  P.  Banksianus,  K.  ?  (J , 
scarcer ;  (5)  Halictus  quadricinctus,  F.  ? ,  cp.  ;  (C)  H.  rubicundus,  Chr.  J , 
cp.  and  s. ;  (7)  H.  flavipes,  F.  ? ,  cp.  ;  (8)  H.  lugubris,  K.  (J ,  s. ;  (9)  Nomada 
varia,  Pz.  9,8.;  (10)  Megachile  centuncularis,  L  ?,  cp.  and  s.  ;  (11)  Osmia 
spinulosa,  K.  ? ,  cp.  and  s.  (Thur.)  B.  Diptera — (a)  Syrphida :  (12)  Eristalis 
tenax,  L. ;  (13)  E.  arbustorum,  L.,  both  species  s.  and  f.p.,  ab. ;  (14)  Cheilosia 
sp.,  f.p.  ;  (b)  Conopidos:  (15)  Sicus  ferrugineus,  L.,  s.  C.  Lepidoptera — Rhopa- 
locera  :  (16)  Hesperia  sp.,  s.  D.  Coleoptera — (a)  Curculionidce  :  (17)  Spermo- 
phagus  cardui,  Schh.,  very  numerous  ;  {b)  Malacodermata :  (18)  Malachius 
pp.,  f.p.  ^ 


^  The  following  additional  Composites  arc  discussed  in  my  Alptubluvieii  (609) : — 
Aehillcca  atrata,  L.,  A.  macrophylla,  li.,  A.  moschata,  Wlf.,  A.  nana,  L.,  AdenO' 
styles  albi/ronSy  Rchb.,  A.  alpina,  Bl.  et  Fing.,  A,  hybrida^  D.C.,  Aronicum  Clusii, 
All.,  Aster  alpinus,  L.,  Bellidiastrum  Michelii,  Cass.,  Carduus  Personaia,  Jacq., 
Ceniaurca  Muretiy  Jord.,  C.  nervosa,  Willd.,  C,  phrygia,  L.,  Chrysanthemum  alpinum, 
L,,  C.  coronopifolium,  Vill.,  Cnicus  hcterophyllus,  AIL,  C.  spinosissimus.  Scop., 
Crepis  aurea,  Cass.,  Onaphalium  dioieiim,  L.,  O,  Leoniopodium,  Scop.,  meraeium 
albidum,  L.,  H.  aurantiacum,  L.,  ff.  Auricula,  L.,  H.  glanduliferum,  Vill ,  H, 
statieifolium,  Vill.,  B.  villosum,  L.,  Jlypochceris  uniflora,  Vill.,  Lactuea  perennis, 
L.,  Lappa  major,  Gartn.,  Mulgedium  alpinum,  Cass.,  Saussurea  alpina,  D.C., 
Scnceio  abrotani/olius,  L.,  S,  camiolicus,  Willd.,  S.  cordalus,  Koch.,  S.  Ihronicumf 
L  ,  S.  nebradensis,  L. 

In  addition  to  these,  the  following  are  treated  in  my  Weitere  Beobachtungen,  pt. 
III. : — Bidens  cemua,  L.,  Inula  britanniea,  L.,  /.  Belenium,  L.,  7.  hirta,  L.,  Petasites 
officinalis,  Monch.,  I*renanthes  murcUis,  L.,  P.  purpurea,  L.,  Senecio  silratieus,  L., 
S,  viscosus,  L.,  Silybum  Marianum,  L,  Sonchus  asper,  Vill. 

Besides  all  these,  Hildebrand  in  his  OcschlerJUsrerhaltnisse  bei  den  Compositen  (357) 
treats  of  the  following : — Agathea,  Arctotis,  CacaZia,  Calendula,  Cryptostemma, 
Dahlia,  Doroni^rum,  Qazania,  Jurinea  aJeUa,  Liatris,  Melampodium  divarieatum, 
Se7ieeio  populi/olius.  Silphium  doronieifolium,  Telekia,  Vemonia,  Xeranlhemum, 
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REVIEW  OF  COMPOSITiE. 

A  review  of  the  Composites  which  I  have  more  particularly 
described  shows  that  the  special  'characters  of  the  family  for  the 
most  part  secure  such  abundant  insect-visits  that  the  power  of 
self-fertilisation  may  be  dispensed  with  ;  and  to  a  great  extent  it 
has  been  dispensed  with,  though  in  this  respect  all  gradations  are 
found  between  such  conspicuous  and  abundantly-visited  forms  as 
Taraxacum,  Cnicus  arvcnsis,  and  Achillcea,  and  those  which,  like 
Senecio  vulgaris,  are  only  visited  exceptionally,  and  regularly 
fertilise  themselves. 

Species  in  this  last  condition  explain  how  it  could  be  of 
advantage  to  one  oflFshoot  of  the  Senecionidae  with  still  less 
conspicuous  flowers,  viz.  the  Artemisiaceae,  to  adapt  themselves 
for  wind-fertilisation,  and  to  renounce  entirely  the  insect-visits 
whose  occurrence  had  become  so  rare.  Delpino  has  shown  in  a 
masterly  way  in  his  work  on  the  Artemisiaceae,  the  small  steps  by 
which  this  change  took  place. 

A  comparison  of  species  in  the  same  genus  (e.g.  Seuecio  Jacobcea 
and  S.  mdgaris,  Carduus  crispus  and  C,  acanthoides,  Cnicus  arve7ms, 
C.pahistris,  and  C.  nutans),  or  of  closely  allied  genera,  shows  clearly 
that  in  the  Conipositae,  as  in  other  cases,  the  abundance  of  insect- 
visitors  increases  with  the  conspicuousness  of  the  flowers,  and  the 
variety  of  insects  with  the  accessibility  of  the  honey.  It  is  only 
in  a  few  forms  with  solitary,  inconspicuous  capitula,  devoid  of 
ligulate  marginal  florets  {Gnaphalium  uliginosum,  Senecio  vulgaris), 
that  insect-visits,  and  consequently  cross-fertilisation,  are  rare. 

If  we  compare  in  regard  to  the  variety  of  insect- visitors,  not 
isolated  genera  {Salix,  Scahiosa,  Jasione),  but  whole  families,  with 
the  Compositae,  we  find  that  the  Umbelliferae  alone  rank  with 
them ;  indeed  they  in  some  cases  surpass  in  this  respect  the  most 
favoured  Composites.  But  corresponding  to  the  different  con- 
ditions of  the  honey  in  these  two  orders,  there  is  this  remarkable 
distinction,  that  the  Umbelliferae  are  visited  and  fertilised  mainly 
by  those  insects  which  are  least  specialised  for  floral  nutriment, 
while  most  Compositae  are  to  a  greater  extent  or  even  principally, 
visited  by  the  most  specialised  orders  of  insects.  To  make  this 
distinction  quite  evident,  I  have  arranged  in  the  following  table 
ten'  of  the  commonest  forms  of  each  order  with  their  visitors, 
choosing  plants  with  whose  insect-visitors  I  was  best  acquainted. 
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Insect- Visitors  of  Common  Composites  and  Umbellifers. 


Tanxocom  offlciaale        

Cirsiaiu  arvense     

Achillea  Millefoliuin         

Chryaanthemum  leucantliemutn  .. 
Centaurea  Jacea     .. 

Cardiius  acuntboides         

8enecio  Jacnbsea    .^        

Picris  hieracioidcs 

Tanacetam  vulgare  

Eapatoriam  cannabinaiu 


Heracleum  SphoTidyllum 
iEgi>podium  rodogfaria 
Antlirlscng  silvestris 
Daucus  Carota 
Carum  Canii 
Aiiethiiin  gravcolens 
Bium  lutifolium 
Angelica  Mlvestris  ... 
Ch8ero)>hyllain  temulum 
Piuipiuella  Saxifrnga 
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CoMPOBlTiE. 


93 
88 
87 
72 
48 
44 
40 
29 
27 
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6 

6 

13 

4 

3 

3 
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32 
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12 
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2 


•  •• 

•  •• 


•  •• 

•  •• 


Umbellifer£. 

118  ;       0  1     13 

104  0  15 

73  I      0  I      5 

61  2  '       8 

65  1  0 

46  0  6 

32  U  I       0 

80  1  2 

23  0  1 

23  0  3 


21 

24 

21 

28 

0 

3 

18 

9 

7 
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49 
34 
26 
19 
21 
15 
20 
11 
10 
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7 

25 

SO 

27 

1 

6 

3 

1 

8 
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7  5 
79 
69 

6*9 

27 
9  1 
75 
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18  6 

50 
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3(i-4 

34-5 

16*6 

58  7 

72-7 

40 

65-t 

259 
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23*6 
27  3 
24  1 
38-9 
126 
6*8 
46 
31 
25-9 
33  3 
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87-6 
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11-3 
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S5 
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42 
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32 
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24 
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164 

382 

48-0 

25 

0 

13 

82  6 

54-3 

12 

0 

0 

62  5 

87-6 

16 

8  3 

66 

36  0 

68  8 

12 

0 

4  3 

43  5 

62-8 

12 

0 

13 

84-8 

52  2 

This  table  shows  clearly  : — 

1.  That  many  Umbelliferae  are  not  visited  at  all  by  Lepidoptera, 
and  the  others  to  a  small  extent  only ;  while  the  Composites  are 
regularly  visited  by  Lepidoptera,  and  in  some  cases  (Eupatorium) 
depend  mainly  upon  them.  Of  the  ten  Umbelliferae,  three  only 
are  shown  to  be  visited  by  Lepidoptera,  which  in  no  case  exceed 
3*5  per  cent,  of  the  insect-visitors ;  and  I  can  testify  that  even 
these  few  species  are  not  regular  but  only  exceptional  guests.  Of 
the  ten  Compositse,  all  are  visited  by  some  Lepidoptera  (7  to  50 
per  cent.),  and  these  are  among  their  regular  visitors.  Eupatorium 
I  have  found  to  be  visited  by  ver}'  numerous  Lepidoptera  be- 
longing to  nine  species. 

2.  Bees  are  among  the  visitors  of  almost  all  Umbelliferae  ;  but 
they  only  amount  to  a  small  number  of  species  (under  16  per  cent.), 
and  to  a  still  smaller  percentage  of  individuals.  They  belong 
almost  entirely  to  those  genera  which  are  either  the  least  or  the 
most  adapted  for  obtaining  honey  (cf.  p.  287).  On  the  other 
hand,  the  flowers  of  Compositse,  richer  in  honey  and  in  pollen, 
attract  far  more  species  of  bees  of  the  most  various  genera ;  so 
that  in  these  ten  Compositse  of  my  table,  bees  form  11  to  72  per 
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cent,  of  the  whole  number  of  species,  and  a  still  larger  proportion 
of  the  individual  visitors,  and  owing  to  their  diligence  they  are  of 
even  greater  importance  in  the  work  of  fertilisation  than  this 
percentage  directly  indicates. 

3.  Diptera,  and  short-lipped  insects  of  other  orders  (especially 
Hymenoptera  and  Coleoptera),  form  a  considerable  percenta;;e  of 
the  species  of  visitors  in  both  families,  but  more  so  in  the  case  of 
UmbellifersB  than  of  Compositse.  In  the  ten  Composites  the 
number  of  Dipterous  visitors  varies  from  6  to  45,  in  the  ten  Um- 
bellifers  from  31  to  62,  per  cent.  Similarly,  the  percentage  of 
short-lipped  visitors  of  other  orders  varies  in  these  Composites 
from  2  to  37,  in  the  Umbellifers  from  37  to  57,  per  cent.  Diptera 
and  short-lipped  insects  of  other  orders  taken  together  make  in 
the  Compositse  14  to  76,  in  the  Umbelliferse  83  to  100  per  cent. 

In  the  face  of  this  evidence,  it  is  unnecessary  to  discuss 
Delpino's  statement  (178,  180)  that  the  Compositse  are  fertilised 
almost  exclusively  by  bees. 

Obd.  STYLIDIEJE, 

The  plants  of  this  order,  according  to  Delpino  (who  examined 
only  dried  specimens),  are  markedly  proterandrous  and  are  evidently 
fertilised  by  insects  (178).    • 

Ord.  GOODENOVIEjE, 

In  the  plants  of  this  order  the  style  ends  in  a  collecting-cup, 
which  receives  the  pollen  while  still  in  the  bud  and  then  closes  up, 
leaving  only  a  narrow  opening  for  the  most  part  covered  by  hairs. 
At  the  same  time  it  bends  down  to  stand  in  the  mouth  of  the 
almost  horizontal  flower,  so  that  insect-visitors  come  in  contact 
with  the  hairs  and  dust  themselves  with  a  little  of  the  powdery 
pollen.  As  the  stigmatic  lobes  grow  up  in  the  cup  they  keep  forcing 
fresh  pollen  into  the  narrow  slit,  and  finally  emerge  by  it  themselves, 
and  then  receive  the  pollen  of  younger  flowers  from  insect-visitors 
(178,  360,  550).  The  structure  of  the  stigma  in  the  dififerent 
genera  (Goodenia,  Sccevola,  Velleia,  Calogyne,  Dampiera,  Lesche- 
naultia)  is  very  variable,  as  Bentham  shows  in  an  interesting 
paper  (84).  In  LeschenauUia  formosa,  R.  Br.,  the  insect's  proboscis 
comes  in  contact  with  the  lower  lip  of  the  pollen-cup,  thus  opening 
it  and  dusting  itself  with  pollen ;  in  the  next  flower  it  places  this 
pollen  on  the  stigmatic  surface  which  lies  outside  the  pollen-cup 
(Darwin,  No.  162). 
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Ord.  CAMFANVLACEM 

Tribe  LobeliecB, 

Siphacampylus  bicolor,  0.  Don. — The  five  anthers  cohere  to  form 
a  hollow  cylinder  which  becomes  filled  with  pollen,  and  whose 
anterior  oi^ening  bends  downwards  into  the  mouth  of  the  flower. 
In  the  first  stage  the  style,  with  its  two  stigmatic  lobes  closely 
applied  to  one  another,  extends  to  the  base  of  the  anther-cylinder, 
but  gradually  grows  up  through  it,  brushing  the  pollen  before  it 
out  of  the  cylinder  by  means  of  a  ring  of  hairs  placed  behind  the 
stigmas.  When  the  stigmas  issue  at  the  anterior  opening  of  the 
cylinder  the  two  lobes  separate  and  expose  their  papillar  surfaces 
to  contact  with  insect- visitors  in  the  upper  part  of  the  mouth  of 
the  flower.  So  insects  come  in  contact  in  younger  flowers  with 
pollen  at  the  anterior  opening  of  the  anther-cylinder,  and  in  older 
flowers  with  the  stigmas,  and  regularly  fertilise  older  flowers  with 
the  pollen  of  younger  (Hildebrand,  Nos.  346  and  351). 

Other  species  of  Siphocampi/lus  are  believed  by  Delpino  to  be 
fertilised  by  honey-sucking  birds  (178). 

Isotoma  axillaris,  R.  Br. — The  mechanism  is  for  the  most  part 
similar,  but  there  is  a  lancet-like  appendage  to  each  of  the  lower 
anthers  which  extends  downwards  into  the  upper  part  of  the 
flower,  and  which  causes  shedding  of  the  pollen  when  touched  by 
an  insect  (Hildebrand,  No.  356). 

Lobelia  Urinus,  L.  (?)  (Common  Blue  Lobelia). — The  flower, 
which  has  been  thoroughly  described  by  Mr.  T.  H.  Farrer,  agrees 
in  all  essential  points  with  Sipfiocampyliis  bicolor,  and  is  visited  by 
bees  (240). 

Delpino  saw  Lobelia  Erinus  visited  by  HalicUts  (178).  Hilde- 
brand observed  in  the  same  species  that  the  style  is  frequently  not 
able  to  force  its  way  through  the  closed  end  of  the  anther-tube, 
and  that  in  such  a  case  the  stigmatic  lobes  unfold  within  the 
anther-tube  and  are  self-fertilised  (360). 

Lobelia  syphilitica,  L.,  is  abundantly  visited  by  Bombns  italicus 
and  B.  terreslris  (Delpino,  172,  176). 

Lobelia  fulgens,  Willd. — Delpino  suggested  that  this  plant  is 
fertilised  by  humming-birds  (172,  176),  and  Trelease  aften^-ards  saw 
the  flowers  visited  by  the  Ruby-throated  Humming-bird  (727, 751). 

Heterotoma  ditfers  from  Siphocampyhcs  in  having  all  the  lobes  of 
the  corolla  bent  downwards,  in  the  lower  portion  of  the  corolla  being 
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produced  into  a  long  spur,  and  in  the  stamens  only  cohering  for  a 
short  distance  below  the  anthers  (360). 


Tribe  CyphiecB, 

The  stigma  is  crowned  with  a  tuft  of  hairs  and  only  reaches  to 
the  base  of  the  anthers,  which  are  closely  aggregated  together 
and  contain  the  pollen  in  a  single  large  mass  between  them.  The 
anthers  stand  on  the  lower  side  of  the  horizontal  flowers,  and 
separate  when  the  insect-visitor  enters,  so  that  the  ventral  surface 
of  the  insect  comes  in  contact  with  the  pollen  and  with  the  stigma. 
Bees  are  probably  the  fertilising  agents  (178,  360). 

Tribe  CampantUeas, 

The  structure  of  the  flower  in  our  species  of  Campanula  has 
been  admirably  described  and  explained  by  Sprengel.  Delpino 
makes  general  remarks  upon  this  and  several  other  genera  of 
Campanuleo),  and  names  Cetonioe  as  the  fertilisers  of  Campanula 
Medium,  and  Apis  and  Halictus  as  fertilisers  of  the  other  species  of 
Campanula  ;  and  he  gives  in  addition  to  his  own  observations  a  full 
account  of  the  erroneous  views  of  Wahlbom,  Cassini,  Du  Petit- 
Thouars,  Alph.  de  CandoUe,  Treviranus,  Gartner,  and  Vaucher 
concerning  the  fertilisation  of  Camjyanvla  (178,  360). 

In  Campanula  the  honey  is  secreted  and  borne  by  a  yellow, 
fleshy,  epigynous  disk  (n),  surrounding  the  base  of  the  style; 
it  is  covered  by  the  bases  of  the  five  stamens  which  expand  in 
triangular  laminae  {sd).  Hairs  close  over  the  interspaces  between 
the  bases  of  the  stamens,  and  protect  the  honey  rather  from 
unbidden  guests  than,  as  Sprengel  supposes,  from  rain,  which 
is  sufficiently  guarded  against  in  most  species  by  the  pendulous 
position  of  the  flowers. 

In  the  bud,  and  often  for  a  time  in  the  open  flower,  the  tliree 
stigmas  lie  closely  applied  together,  forming  a  cylinder  whose  outer 
surface  is  thickly  covered  with  long,  erect  hairs ;  in  the  bud  the 
anthers  are  placed  close  around  this  cylindrical  brush  {grh)^  so 
that  they  form  a  hollow  cylinder  inclosing  the  style,  and  as  they 
dehisce  introrsely  they  shed  their  pollen  upon  the  hairs  of  the 
brush.  When  this  has  taken  place  the  stamens  wither  and  with- 
draw into  the  base  of  the  flower.  Now  the  flower  opens  and  dis- 
plays in  the  first  stage  of  its  development  a  cylindrical  brush 
standing  in  the  centre  and  covered  thickly  all  round  witb  pollen. 
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which  is  rubbe<i  off  by  the  hairy  bodies  of  insect- visitors  until  it  is 
exhausted ;  meanwhile  the  hairs  of  the  brush  gradually  shrivel.  In 
the  second  sti^e  the  three  divisions  of  the  style  separate  and  curve 
backwards,  exposing  their  inner .  surfaces  covered  with  stigmatic 
papilUe  (st)  to  be  touched  by  insect- visitors.  In  case  of  sufficient 
insect- visits,  cross-fertilisation,  and,  as  in  every  case  of  marked 
proterandry,  fertilisation  of  older  flowers  with  the  pollen  of  younger, 
is  inevitable. 

In  Oumpanula,  when  insects  have  not  visited  the  flower  to 
a  sufficient  extent,  the  stigmas  usually  bend  further  backwards 


_  b'.iU  nbniit  to  open. 
jilurjMU  o(u  flciwcr.  In  lliit  iiutlv)  atega. 
ln«>.-<md(fciiu.(e)"t«gB.    (X  4.> 
U  Liim  D^  ilu-  Bliirienta.  rrlDKed  wLtli  hiln, 
,  (Ult4,  atlee  iu  tuiln  tuvo  AQTlveUed  up. 


until  self-fertilisation  is  effected.  The  papillose  end  of  the  stigma 
eitlier  comes  in  immediate  contact  with  the  pollen  still  adhering 
to  the  upper  end  of  the  styles,  or  pollen  falls  of  itself  upon  the 
papiltte  of  the  recurved  portion.  It  is  clear  from  its  wide,  bell- 
shaped  corolla,  that  Campanula  is  specially  adapted  for  humble- 
befes,  but  the  flowers  in  the  various  species  are  visited  by  many 
other  insects,  chiefly  bees.  Many  insects  find  shelter  from  rain 
and  also  spend  the  night  withio  the  flowers ;  and  somo  confine  their 
visits  mainly  (Ctlissa  JuBtnorrhoidalis,  species  of  Cheiosloma)  or 
almost  exclusively  {Halietoidta  deiUiventris)  to  species  of  Campanula. 
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277.  Campanula  rotundifolia,  L.  : — 

Visitors  :  A.  Hymenoptera — Apidte :  (1)  Apis  mellifica,  L.  $ ,  s.  ;  (2) 
Bombus  pratorum,  L.  <^ ,  s. ;  (3)  B.  lapidarius,  L.  Q ,  c.p. ;  (4)  Cilissa  ha^mar- 
rhoidalis,  F.  ?  ^,  s.  and  c.p.  ;  (5)  Andrena  Coitana,  K.  ^  (Sid.),  ab.  ;  (6) 
A.  Qwynana,  K.  ^ ;  (7)  Halictus  Smeathmaiiellus,  K.  ^ ;  (8)  Halictoides 
dentiventris,  NyL  ^  ? ,  the  (J  abundant,  sometimes  passing  the  night  within 
the  flowers  ;  (9)  Chelostoma  nigricome,  Nyl.  ?  (J ,  s.  and  c.p. ;  (10)  Ch.  Cam- 
panularum,  L.,  do.  B.  Diptera — (o)  Bonibylidce :  (11)  Systoechus  sulfureus, 
Mik.,  8,  (Sid  )  ;  (b)  EmpidcR :  (12)  Rhamphomyia  plumipes,  Fallen,  ab.  C.  Lepi- 
doptera — (13)  Ino  statices,  L.,  s.  (Sid.).  D.  Coleoptera—  (a)  Staphylinidae :  (14) 
Anthobium  ;  (h)  Curculionida :  (15)  Gymnetron  Campanulas,  L. ;  (16)  Otio- 
rhynchus  ovatus.  On  the  Alps  also  this  species  is  chiefly  visited  by  bees 
(609).    See  also  No.  590,  iii. 

278.  Campanula  Trachelium,  L.:— 

Visitors :  A.  Hymenoptera — Apida :  (1)  Apis  mellifica,  L.,  ^  >  s**  ab.  ;  (2) 
Cilissa  hasmarrhoidalis,  F.  $  c^ ,  s.  and  c.p.,  the  ^  very  ab.,  sometimes  three  in 
one  flower  ;  (3)  Andrena  Coitaoa,  K.  $  ^ ,  here  also  the  $  is  much  the  more 
abundant ;  (4)  A.  Gwynana,  K.  J  (J ,  ab.  ;  (5)  A.  fulvicrus,  K.  $ ,  taking 
shelter  during  rain ;  (6)  Halictus  cylindricus,  F.  ? ,  c.p.  ;  (7)  Halictoides 
dentiventris,  Nyl.  ?  ^,  (J  very  ab.  ;  (8)  Prosopis  hyalinata,  Sm.  9  (J,  ab.  ; 
(9)  Chelostoma  Campanularum,  L.  B.  Diptera — Syrphidas :  (10)  Chryso- 
chlamys  ruficornis,  F.  (Lippstadt,  Sid.),  f.p.  ;  (11)  Syrphus  balteatus,  Deg., 
f.p.  C.  Coleoptera — (o)  Nittdulidce :  (12)  Meligethes,  very  ab. ;  (6)  Crypto- 
phagidoi :  (13)  Antherophagus,  sp.     See  also  No.  590,  IIL 

279.  Campanula  rapunculoides,  L.  : — 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  ^ ,  s.  ;  (2) 
Bombus  lapidarius,  L.  § ,  s.  and  c.p. ;  (3)  Cilissa  haemarrhoidalis,  F.  ?  ^J  ;  (4) 
Andrena  Gwynana,  K.  ^  ?  ;  (5)  Halictus  maculatus,  Sm.  (J ;  (6)  H.  albipes, 
K.  9  ;  (7)  Chelostoma  nigricome,  Nyl.  <J  ?  ;  (8)  Ch.  Campanularum,  K.  (J  ?  ; 

(9)  Prosopis  hyalinata,  Sm.  (J  ? ,  the  last  three  ab.     B.  Diptera — Syrphida  : 

(10)  Rhingia  rostrata,  L.,  s.,  it  issues  from  the  flower  with  its  back  covered 
with  pollen.     See  also  No.  590,  in. 

280.  Campanula  bononiensis,  L.  (Wandersleber  Gleiche  in 
Thuringia). 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Chelostoma  florisomne,  L.  ?  tJ , 
freq. ;  (2)  Ch.  nigricome,  Nyl.  ?  ^  ;  (3)  Ch.  Campanularum,  K.  ?  ^ ,  ab.  ; 
(4)  Halictus  flavipes,  F.  ? .  B.  Coleoptera — Nitidulidw :  (5)  Meligethes, 
freq.    See  also  No.  590,  in. 

281.  Campanula  patula,  L.  : — 

Visitors  :  Hymenoptera — ApidcB :  (1)  Andrena  Gwynana,  K.  9,8.  and 
c.p. ;  (2)  Chelostoma  nigricome,  Nyl.  ^  ? ,  s.  and  c.p.     See  also  No.  590,  in. 
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282.  Campanula  persicifolia,  L.  : — 

Visitors:    A.    Hymenoptera — AphioR :  (1)  Prosopis  hyalinata,  Sm.   9  (J. 

B.  Orthoptera — (2)  Forficula  auricularia,  L.,  hiding  in  the  flowers.    See  also 
No.  590,  lu. 

Campanula  canescens,  Wall.,  and  C.  colorata,  Wall.,  two  East 
Indian  species,  have  cleistogamic  flowers  (531).^ 

Specularia  jyerfoliata,  Dec. — The  cleistogamic  flowers,  which 
were  known  to  Linnaeus,  are  described  by  H.  von  Mohl  (531). 

Trachelium. — When  the  flower  expands  the  pollen  adheres  to 
the  hairs  of  the  stigma,  which  in  the  bud  grows  up  between  the 
anthers ;  these  hairs  then  wither  and  readily  give  up  the  pollen  to 
an  insect- visitor.  Afterwards  the  stigma  unfolds  and  its  papillsB 
develop.  Delpino  observed  a  cabbage-white  butterfly  (Pieris) 
sucking,  and  a  bee  (Halictus)  collecting  pollen,  on  the  flowers 
(178,  360). 

Phyteuma, — The  structure  of  the  flower  of  Phyteiima  resembles 
on  the  whole  that  of  Campanula,  but  the  pollen,  as  in  Compositae, 
is  pushed  up  out  of  a  tube  by  the  growing  style,  and  comes  to  lie 
outside  the  flower  exactly  in  the  spot  where  the  stigmas  after- 
wards unfold.  The  tube  is  formed  by  the  long  strap-shaped  lobes 
of  the  corolla  which  cohere  for  a  time  and  afterwards  separate. 
This  arrangement  allows  of  diminution  in  size  and  aggregation  of  the 
flowers  without  interfering  with  the  certainty  of  cross-fertilisation. 

I  have  found  the  blue  Alpine  species  of  Phyteuma  (P.  hemi- 
sphcericum,  L.,  humile,  Schleich.,  orhiculare,  L.,  Schettchzeri,  All., 
Michelii,  AIL,  Hallcri,  All.)  to  be  visited  for  the  most  part  by 
numerous  bees  and  butterflies.  For  instance,  on  P.  Michelii  I 
observed  seventeen  Apidce  (including  twelve  humble-bees),  forty- 
two  Lcpidoptera,  eight  Diptera,  one  beetle  (No.  609,  pp.  406-413). 

Phyteuma  paucijlor am,  L.,  was  found  by  Ricca  to  be  visited  by 
humble-bees  on  the  Alps  at  a  height  of  nearly  10,000  feet  (665). 

283.  Jasione  MONTANA,  L. — The  structure  of  the  flower  was 
described  thoroughly  and  accurately  by  Sprengel.  The  flower,  to 
a  greater  extent  even  than  Phyimma,  has  two  advantages  over 
Campanula^  for  (1)  it  attracts  much  more  numerous  and  more 
varied  insects  for  the  sake  of  its  honey  and  pollen,  and  (2)  it 
allows  the  larger  visitors  to  fertilise  a  greater  number  of  stigmas 
simultaneously  with  pollen  from  other  flowers,  while  in  Campanula 
the  fertilisation  of  each  flower  requires  a  separate  visit. 

1  The  following  additional  species  of  Campanula  are  discussed  in  my  Alp&nllumcn  : 

C.  }msiUa,  Uoenk.,  C.  Scheuchzeri,  VilJ.,  C  barbata,  L.,  end  C.  thyrsoidea,  L. 

B  B 
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The  visits  of  a  more  miscellaneous  lot  of  iosectH  are  attained 
by  tbe  h-inej  being  very  easily  accessible,  though  protected  from 
't  is  stcreted,  as  in  Campanula,  by  the  upper  surface  of  the 
ovary,  where  it  lies  fully  exposed  and  surrounded  by  the  flat  limb 
of  the  calyx.  The  corolla  is  cleft  to  its  base  into  narrow  linear 
lobes,  and  permits  the  most  short-lipped  insects  to  have  free  access 
to  the  honey ;  the  stamens,  by  cohering  at  the  base  of  the  anthers 


to  form  a  ring  round  the  style, shelter  the  honey  from  rain,  thoufch 
not  from  insects,  which  can  insert  their  heads  or  tongues  between 
the  filaments  which  are  quite  thin  and  widely  separate  to  their  bases. 
Drops  of  rain  are  excluded  from  tbe  base  of  the  flower  partly  by 
the  shrivelled  anthers  which  point  obliquely  upwards,  and  partly 
by  the  filaments.  That  the  larger  insect*  fertilise  numerous 
flowers  at  each  visit  witb  pollen  from  other  flowers  is  effected  by 
three  other  characters  conjointly.      In  tbe  first  place,  the  flowera 
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are  so  small  and  so  closely  aggregated  that  the  Jarger  insects  come 
in  contact  with  many  at  once  in  their  visits ;  secondly,  the  styles 
elongate  until  they  oYertop  the  lobes  of  the  corolla;  and  thirdly, 
here  as  in  Campanula  the  flowers  are  markedly  proterandrous, 
the  style  bearing  first  a  cylindrical  brush  covered  with  pollen 
(Fig,  120,  3),  and  afterwards,  when  both  pollen  and  hairs  have 
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disappeared,  displaying  atwo-lobed  stigma.  The  small  size  of  the 
flowers  if)  fully  compensated  for  by  the  union  of  a  large  number  in 
a  capitulura.  Sprengel  states  the  number  of  florets  in  a  capitulum 
to  be  about  seventy;  in  the  itpecimena  that  I  have  examined, 
I  have  found  the  number  to  be  considerably  over  100,  even 
reaching  180. 

B  B  2 
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Jasione  is  rendered  especially  conspicuous  by  growing  chiefly 
on  dry,  sandy  soil,  where  it  is  usually  one  of  the  most  prominent 
flowers,  and  where  many  bees  and  sand-wasps  which  visit  it  have 
their  nests. 

On  two  such  spots,  behind  the  Tannenbaum  at  Lippstadt,  and 
on  the  Lippstadt  Heath,  I  found  the  following  insects  visiting  the 
flowers  in  July  and  August,  18G8  and  1869  : — 

A  Hymenoptera — (a)   Apidce :   (1)   Bombus  bortorum,  L.    9  5,   s.  ;    (2) 

B.  sil varum,  L.  5 1  s.  ;  (3)  B.  nipeetris,  L.  ? ,  s.  ;  (4)  Sarapcxla  biniaculata,  Pz. 
9  i ,  very  ab.,  s.  and  c.p.  ;   (5)  Dasypoda  hirtipes,  F.  ^ ,  freq.  ;  (6)  Cilissa 

leporina,  Pz.  ?  ;  (7)  Rbophites  halictula,  NyL  9,8.;  (8)  Andreua  Hattorfiana, 
F.  ^,  once  ;  (9)  A.  dorsala,  K.  J  (J,  ab. ;  (10)  A  pubescenB,  K.  ^  (=  fus- 
cipes,  K.),  8.  ;  (U)  A.  fulvago,  Cbr.  ?  ;  (12)  A  helvola,  L.  9  ;  (13)  A  fulvi- 
crufl,  K.  9  ;  (14)  A.  argeutata,  Sm.  (J  ;  (15)  A  pilipes,  F.  (J  ;  (16)  A.  Coitana, 
K.  df  ?  ;  (1"^)  Colletes  marginata,  L.  i  ;  (18)  Halictus  fasciatus,  Xyl.  9  ;  (19) 
H.  flavipes,  F.  $  ;  (20)  H.  leucozonius,  Schr.  9  ;  (21)  H.  albipes,  F.  9  ;  (22) 
H.  cylimlricus,  F.  9  <J  ;  (23)  H.  villosulus,  K.  9  ;  (24)  H.  lucidulus,  Schenck,  9  ; 
(25)  Sphecoiles  gibbus,  L.  9  (var.  rufescens,  Fourc.)  ;  in  the  last  three  genera 
the  $  8.,  the  9  8.  and  c.p.  ;  (26)  Ceratina  caenilea,  Vill.  9  <J  >  freq.,  s.  and  cp.  ; 
(27)  Nomada  ruficomis,  L.-9^;  (28)  N.  Roberjeotiaua,  Pz.  9  <J ;  (29)  N. 
nigrita,  Schenck,  (J ;  (30)  N.  lineola,  Pz.  i  \  (31)  N.  Jacobsese,  Pz.  ;  (82)  N. 
varia,  Pz.  ;  (33)  N.  Fabriciana,  L.  ;  (34)  Ccelioxys  quadridentata,  L.  9  <J  >  *^t>. ; 
(35)  C.  conoidea,  111.  (punctata,  Lep.  9 ) ;  (36)  C.  simplex,  Nyl.  9  cJ  >  »• ;  (37) 
£peolu8  variegatus,  L.  ^  9  j  fre^l-  >  ^^^  cuckoo-bees  of  course  only  suck ; 
(38)  Anthidium  strigatum,  Latr.  $  ;  (39)  Diphysis  serratulae,  Pz.  9  ;  {'^)  Me- 
gachile  uiaritima,  K.  (J;  (41)  M.  argentata,  F.  ^  9>  ».  and  cp.,  ab. ;  (42) 
Chelostoma  campanularum,  L.  9  ;  (43)  Prosopis  variegata,  F.  9  c?  >  very  ab. ; 
(44)  P.  dilatata,  K.  $  ;  (45)  P.  communis,  Nyl.  9  <J,  ab.  ;  (46)  P.  hyalinata, 
Sm.  9  >  ab.  ;  (47)  P.  pictipes,  Nyl.  9  >  scarce ;  (6)  Sphegidce,  s.  ;  (48)  Ammo- 
phila  sabulosa,  L.  ^,  freq.  ;  (49)  Psammophila  aflinis,  K.  (J  9>  ^*^ry  freq. ; 
(50)  Pompilus  rufipes,  L.  (J  ;  (51)  P.  viaticus,  L.  (J  ;  (52)  Ceropales  maculata, 
F.,  freq.  ;  (53)  Cerceris  arenaria,  L.   9  <J »  a^-  J  (54)  C.  labiata,  F.  ^  ;   (55) 

C.  nasuta,  Kl.  ^  ;  (56)  Mellinus  sabulosus,  F.,  freq.  ;  (57)  Miscus  campestris, 
Latr.  9  ;  (58)  Philanthus  trianguluni,  F.  ;  (59)  Tachytes  pectinipes,  L. ;  (60) 
Lindenius  albilabris,  F.  ;  (61)  Oxybelus  uniglumis,  L.,  ab.  ;  (62)  0.  bellicosus, 
01. ;  (63)  O.  mandibularis,  Dlilb.  ;  (64)  Crabro  alatus,  Pz.  9  ^ ,  very  ab.  ;  (65) 
Or.  patellatus,  v.  d.  L.  9  ;  (66)  Cr.  pterotus,  F.  9  <J »  both  not  rare  ;  (c)  Chry- 
ndce :  (67)  Hedychnim  lucidulum,  Latr.,  s.  B.  Diptera  — (a)  Bomhylido' : 
(68)  Exoprosopa  capucina,  F.,  not  rare  ;  (6)  Empidfc  :  (69)  Empis  livida,  L., 
very  ab.  ;  (c)  Syrphidts  :  (70)  Melithreptus  scriptus,  L.  ;  (71)  M.  menthastri,  L.  ; 
(72)  Volucella  bombylans,  L.  ;  (73)  Helophilus  peudulus,  L.  ;  (74)  Eristalis 
tenax,  L.  ;  (75)  E.  aeneur*,  Scop. ;  (76)  E.  arbustorum,  L.  ;  (77)  Syritta  pipiens, 
L.  ;  (78)  Melanostoma  mellina,  L. ;  (79)  Syrphus  pyrastri,  L.  ;  (80)  Eumerus 
Babulonum,  Fall.  ;  (81)  Pipizella,  sp.  ;  (</)  Conopidai :  (82)  Sicus  ferrugineus,  L.; 
(83)  Physocephala  rufipcs,  F.,  freq.  ;  (84)  Ph.  vittata,  F.  ;  {e)  Muscidm  :  (85) 
Ocyptera  bra-ssicaria,  F.  ;  (86)  O.  cylindrica,  F.,  both  very  freq.  ;  (87)  Echi- 
nomyia  tesaelata,  F.,  very  ab.  ;  (88)  E.  ferox,  Pz.  ;  (89)  Oliviera  lateralis,  Pz., 
ab.     The  Syrphidte  both  8.  and  c.p.,  the  others  only  s.     C.  Lepidoptera,  s.  ;  (a) 
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Rhopalocera :  (90)  Polyommatus  PhloDas,  L.,  s.,  ab.;  (91)  P.  Dorilis,  Hfu.,  freq.; 
(92)  Lycaena  gegon,  W.  V.  (J  ;  (93)  Satyrus  Janira,  L.,  ab.  ;  (94)  S.  pampbilus,  L. ; 
(95)  Hesperia  than  mas,  Hfn.  ;  {h)  SphingidcR :  (96)  Ino  statices,  L.  D.  Cole- 
optera — (a)  (Edemeridve :  (97)  (Edemera  virescens,  L.  ;  {h)  CerambycuItE  :  (98) 
Leptura  livida,  L.,  freq.,  l.h.  ;  (c)  ChrysomeUdcB :  (99)  Cryptocephalus  sericeus, 
L.    A  list  of  nineteen  additional  visitors  is  given  in  No.  590,  in. 

Jasixme  montana  stands  in  the  front  rank  of  our  native  plants 
in  regard  to  the  number  and  variety  of  its  insect- visitors  ;  it  is  only 
matched  by  some  Umbeiliferae  and  OompositsB,  which  share  with  it 
the  advantages  of  fully-exposed  honey,  and  the  union  of  numerous 
flowers  with  freely-projecting  reproductive  stigmas  and  anthers  in  a 
conspicuous  inflorescence.  In  all  such  plants,  cross-fertilisation  is 
completely  insured,  and  accordingly  the  possibility  of  self-fertilisa- 
tion has  been  lost. 


Ord.  VACCINIACEjE. 

284.  Vaccinium  Myrtillus,  L.  ;  285,  V.  uliginosum,  L.—Both 
species  are  slightly  proterandrous,  and  resemble  Erica  tctralix  in 
their  mode  of  fertilisation. 

In  V,  Myrtillus,  according  to  Sprengel,  honey  is  secreted  and 
borne  by  the  white  annular  ridge  or  disk  which  rests  upon  the 
ovary  and  surrounds  the  style  ;  I  have  never  found  this  disk  moist, 
even  when  the  wide  part  of  the  corolla  is  quite  wet  with  honey  ; 
it  is  moreover  not  so  smooth  as  honey-glands  usually  are.  On  the 
other  hand,  I  have  very  frequently  found  in  both  species  a  drop  of 
honey  at  the  outer  side  of  the  base  of  each  stamen ;  and  as  the 
base  of  the  corolla  immediately  above  its  insertion  is  all  round 
much  thicker  and  fleshier  than  the  upper  portion,  I  at  first  did  not 
doubt  that  it  secreted  the  honey.  But  I  have  since  convinced 
myself  that  Sprengel  was  right,  and  that  the  drops  of  honey  secreted 
by  the  epigynous  disk  pass  between  the  filaments  to  the  wall  of 
the  corolla. 

So  far,  both  species  agree  with  one  another :  but  in  other  respects 
each  has  certain  advantages  over  the  other.  V,  Myrtillus  secretes 
more  honey,  which  is  lodged  in  a  much  more  globular  corolla ;  the 
opening  is  narrowed  so  that  only  insects  with  a  proboscis  long 
enough  to  reach  from  the  exterior  to  the  base  of  the  corolla  can 
obtain  the  honey.  On  the  other  hand,  V.  uliyinosiim  forms  taller 
bushes  bearing  much  more  numerous  flowers,  which  are  red  on 
the  side  turned  towards  the  light  and  therefore  much  more  con- 
spicuous while  the  mouth  of  the  corolla  is  3  mm.  wide,  permitting 
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the  smaller  insects  to  insert  their  heads  or  the  whole  forepart  of 
the  body.  F.  MyrtUlm  has  thus  adapted  itself  exclusively  for  the 
long-proboscised  beea  (hive-bees,  humble-bees),  which  are  con- 
spicuous for  their  skill  and  diligence ;  they  know  that  within 
the  inconspicuous  corolla  they  will  find  a  rich  store  of  honey,  and 
seek  it  so  assiduously  that  hundreds  of  the  fiowcrs  are  visited  and 
fertilised  by  a  single  insect.  V.  uligitwsum  has  adapted  itself  by 
its  more  conspicuous  Sowers  and  more  accessible  honey  to  much 
more  various  insects ;  it  is  much  less  frequently  and  less 
assiduouBly  visited  by  the  long-tongued  bees  than  V.  Myrtillut, 
for  the  greater  part  of  the  honey  is  carried  away  by  the  short- 
lipped  insects. 


The  difference  in  size  of  the  mouths  of  the  corolla  causes  also 
another  difference,  illustrated  in  Fig.  121.  In  V.  Myrtillus  the 
stigma  projects  a  little  beyond  the  corolla,  and,  as  every  insect- 
visitor  inserts  only  its  proboscis  into  the  Bower,  the  stigma  is  certain 
to  be  touched  by  the  insect's  head  before  the  latter  receives  the 
pollen  shed  upon  it.  In  V.  vlv/incmim,  if  the  stigma  occupied  the 
same  position,  the  smaller  bees  {Haliciits  and  small  Ajidretue  and 
Nomadis)  might  enter  the  flower  without  ever  touching  the  stigma ; 
whereas,  placed  as  it  is,  immediately  within  the  entrance,  it  must 
be  touched  by  even  the  smallest  insects  entering  the  flower.  I 
have  verified  by  direct  observation  this  marked  distinction  between 
the  insect-visitors  of  the  two  species. 


PABT  III.]  THE  MECHANISMS  OF  FLOWERa  375 

284.  V.  Myrtillus,  L.  : — 

Visitors :  (1)  Apis  mellifica,  L.  9 ,  very  ab.,  s. ;  (2)  Boiiibus  agromm,  F.  ? , 
ab. ;  (3)  B.  lapidarius,  L.  ?  ;  (4)  B.  terrestris,  L.  ?  ;  (5)  B.  Scrimsliiranus, 
K.  9 ,  all  sucking  only.  They  hunj^,  hea<l  downwarda,  from  the  corolla.  All 
the  humble-bees  tliat  I  observed  wei-e  females,  fur  the  workers  scarcely  occur 
when  the  plant  is  in  flower  (middle  of  April  to  beginning  of  May).  (6)  Au- 
drena  nigroaenea,  K.  <J ,  I  c»nce  found  this  species,  whose  proboscis  is  only  3^ 
mm.  long,  endeavouring  vainly  to  reach  the  honey. 

285.  V.  ULIGINOSUM,  L. — I  found  all  the  foUowiDg  insects  upon 
this  plant  on  one  sunny  afternoon  (May  19,  1870)  : — 

A.  Hymenoptera — (a)  Apida :  (1)  Apis  mellifica,  L.  ^ ,  ab. ;  (2)  Bombus 
terrestris,  L.  ? ,  freq. ;  (3)  B.  hortorum,  L.  §  ;  (4)  B.  pratonim,  L.  $  ;  (5) 
B.  agrorum,  F.  ?  ;  (6)  B.  confusus,  Schenck,  ?  ;  (7)  B.  (Apathus)  vestalis, 
Fourc.  9 ,  freq. ;  (8)  B.  (A.)  campestris,  Pz.  ?  ;  (9)  B.  silvarum,  L.  ?  ;  (10) 
Andrena  nigroaenea,  K.  ?  (J ;  (11)  A.  pilipes,  F.  $  ;  (12)  A.  fulva,  Schrank, 
?  ;  (13)  A.  Gwynana,  K.  $ ;  (14)  A.  atriwips,  K.  <J  ;  (15)  Halictus  rubi- 
cundus,  Chr.  ?  ;  (16)  H.  flavipes,  F.  ?  ;  (17)  H.  sexnotatus,  K.  ?  ;  (18)  H. 
cylindricufl,  F.  ?  ;  (19)  H.  sexstrigatus,  Schenck,  ?  ;  (20)  Colletes  cuniculana, 
L.  9  J  (21)  Nomada  ruficomis,  L.  ?  ;  (22)  N.  ferruginata,  K.  ?  ;  (23)  Osmia 
rufa,  L.  9 ,  all  sucking  ;  (6)  Vespida :  (24)  Vespa  rufa,  L.,  s.  B.  Diptera — 
Syrph'xdce :  (25)  Eristalis  arbustorum,  L.,  ver}' ab.  ;  (26)  E.  horticola,  Mgn., 
scarce  ;  (27)  E.  intricarius,  L.,  do. ;  (28)  Rhingia  rostrata,  L.,  not  unfreq.;  all 
four  sucking.  C.  Lepidoptera — Rhopalocera  :  (29)  Lycaena  ai^giolus,  L. ;  (30) 
Tliecla  rubi,  L.,  both  sucking.     See  also  No.  590,  ill. 

Vaccinium  ox^y coccus,  L. — The  structure  of  the  flower  was  care- 
fully described  by  Sprengel.  It  is  adapted  for  bees,  but  is  very 
sparingly  visited.  The  flowers  last  a  very  long  time,  according  to 
Sprengel,  eighteen  days,  and  Sprengel  was  probably  justified  in 
considering  this  fact  to  be  explained  by  the  scanty  insect-visits 
(590,  III.). 

Vaccinium  VUis-idcea,  L. — The  mouth  of  the  corolla  is  still 
wider  than  in  V.  uliginosicm,  and  the  flower  is  more  nearly  erect. 
The  plant  is  fertilised  by  hive-bees  and  humble-bees  (589,  609). 
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Tribe  Arhutem. 

Aniostaphylos  Uva-ursi,  Spr.  {Arbutus  uva-ursi,  L.). — The 
flower  resembles  that  of  Erica  tetralic  in  structure,  and  is  likewise 
fertilised  chiefly  by  humble-bee's  (609). 
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Tribe  Aitdromedtee. 

Spig(ea  is  tUramorphio,  possessing  four  kinds  of  flowers,  which 
differ  partly  in  the  length  of  the  style,  partly  ia  the  condition  of 
the  stigma  and  anthers  (Asa  Gray,  No.  285). 


286.  Erica  tetralix,  L.— The  pendulous,  urceolate  flower  is 
7  mm.  long,  4>  mm.  wide  in  the  middle,  and  2  mm.  wide  at  the 
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mouth.  The  base  of  the  ovary  is  surrounded  by  a  dark,  glandular 
ring  which  secretes  honey.  The  style  (t)  stands  in  the  axis  of  the 
flower,  extending  to  the  mouth  of  the  corolla ;  it  bears  at  the 
end  a  blackish,  moist,  sticky  stigma  (i),  which  protrudes  slightly 
from  the  mouth  of  the  flower,  so  that  an  insect,  hanging  beneath 
the  flower  and  thrusting  its  proboscis  towards  the  honey  at  the 
base,  must  bring  the  forepart  of  its  head  in  contact  with  the 
stigma  and  be  smeared  with  the  sticky  secretion.  The  eight 
anthers  lie  in  a  circle  close  around  the  style,  a  little  way  above  the 
stigma  (in  the  inverted  position  of  the  flower) ;  each  possesses  two 
long,  sharp,  divergent  processes,  which  reach  to  the  sides  of  thn 
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corolla.  A  honey-seeking  insect,  immediately  after  touching  the 
stigma,  brings  its  proboscis  in  contact  with  some  of  these  append- 
ages, whereupon  a  shower  of  dry,  dusty  pollen  is  shed  from  the 
holes  in  the  anthers  on  to  the  forepart  of  the  insect's  head. 

In  absence  of  insects,  self-fertilisation  may  take  place,  as  part  of 
the  pollen  always  falls  upon  the  edge  of  the  stigma  and  remains 
adherent  there.     Humble-bees  are  the  chief  fertilising  agents. 
This  species  was  described  by  Dr.  Ogle  in  No.  633. 

A.  Hymenoptera — Ajmhe :  (1)  Bombus  senilifl,  Sm.  2^6  (14 — 15)  ;  (2) 
B.  sil varum,  L.  $  5  (10—14)  ;  (3)  B.  agi'orum,  F.  ?  §  (10—15);  (4)  B. 
Rajelhis,  111.  5  (10 — H)  ;  (5)  B.  terrestris,  L.  9  (7 — 9),  all  very  ab.,  hanging 
lo  the  corolla  back  downwards  ;  (6)  Nomada  Solidaginis,  Pz.  (J,  I  ga'w  this 
insect  once,  apparently  trying  in  vain  to  reach  the  honey  ;  (7)  Apis  mellifica, 
L.  5 ,  is  scarcely  able  to  reach  the  base  of  the  flower  legitimately,  as  its 
proboscis  is  only  6  mm.  long.  It  is  a  very  abundant  visitor  of  Erica  tetralix, 
V)ut  usually  bites  through  the  corolla,  about  midway.  On  Oct.  15,  1871, 
I  saw  numerous  honey-bees  sucking  normally.  I  omitted  to  observe  whether 
these  late  flowers  were  a  little  smaller  than  those  of  summer  ;  if  so  they  would 
exactly  suit  the  honey-bee.  B.  Diptera — Syrphidm :  (8)  Volucella  bombylans, 
L.  (7—8),  ab.,  s.  ;  (9)  V.  plumata,  L.  freq.,  s.  ;  (10)  V.  hoemarrhoidalis,  Zett., 
scarce,  s.     C.  Lepidoptera — Noctuce  :  (11)  Plusia  gamma,  L.,  s. 

Ef-ica  dnerea,  L.,  the  fine-leaved  heath,  agrees  in  the  structure 
of  its  flower  with  E.  tetralix,  according  to  Dr.  Ogle  (633). 

Erica  caimea,  L. — This  species  is  adapted  by  the  colour  and 
size  of  its  flowers  to  butterflies,  which  alone  (e.g.  V.  cardui)  visit 
it  in  abundance,  and  effect  cross-fertilisation.  The  sepals  and 
petals  vary  from  bright  pink  to  crimson,  and  the  peduncles  are 
still  more  intensely  coloured.  The  flower  narrows  so  much  towards 
its  mouth  that  the  entrance  is  blocked  by  the  anthers,  and  just 
admits  the  thin  proboscis  of  a  butterfly,  which  cannot  avoid  touching 
first  the  stigma  and  then  the  anthers,  and  so  performing  cross- 
fertilisation.  I  have  seen  Bomhns  terrestris  making  great  but 
ineffectual  efforts  to  insert  its  proboscis  into  the  flower.  The 
inverted  position  of  the  flower  is  somewhat  inconvenient  for  butter- 
flies, and  causes  them  delay.  We  may  suppose  that  the  ancestors 
of  Erica  carnea  grew  where  bees  were  more  plentiful  and  butter- 
flies less  so,  and  that  the  flowers  were  first  adapted  for  bees, 
as  almost  all  other  inverted,  bell-shaped  flowers  are ;  and  that 
they  acquired  their  present  colour  and  form  under  the  influence 
of  Lepidoptera,  which  preponderate  so  conspicuously  in  the  Alps 
(609). 

287.  Calluna  vulgaris,  L.— The  bell-shaped  corolla  is  2  to 
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3  mm.  long,  and  cleft  into  four  lobes  to  near  ita  buae.  Honey 
is  secreteti  by  eight  blackish  glands  in  the  base  of  the  flower, 
alternating  with  the  stameos,  and  is  easily  accessible  to  short- 
lipped  insects.     What  the  plant  loses  in  attractiveness  by  the  small 
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size  of  its  corolla,  it  makes  up  by  the  red  colour  and  largo  size 
of  the  sepals,  and  by  aasoeiation  of  tlie  flowers  in  long,  almost 
uninterrupted  groups.  Calluna  vulgaris  is  visited  by  at  least  as 
many  insects  as  Srica  ietralix,  and  by  a  greater  variety  owing  to 
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the  accessible  position  of  the  honey.  While  in  the  flowers  of  Erica 
tetralix,  which  hang  vertically,  great  regularity  prevails  in  the 
arrangement  of  the  parts,  the  style  occupying  the  axis  of  the 
flower,  and  the  anthers  forming  a  circle  symmetrically  round  it  with 
their  orifices  directed  downwards,  in  the  flowers  of  Calluna,  which 
are  almost  horizontal,  insects  are  liable  to  be  dusted  with  pollen 
from  above,  as  the  stylo  and  stamens  curve  upwards  and  permit  the 
insect  to  reach  the  honey  only  by  way  of  the  lower  half  of  the 
flower. 

The  larger  bees,  such  as  hive-bees  and  humble-bees,  clinging 
with  forelegs  and  midlegs  to  the  outer  side  of  the  flower,  weigh 
it  down  into  the  vertical  position  ;  then,  hanging  on  below,  they 
suck  the  honey  and  dust  themselves  with  pollen,  which  would  be 
sprinkled  on  them  Just  as  well  and  just  in  the  same  manner  if  the 
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style  and  stamens  were  central  as  in  £.  ietralix.  But  the  smaller 
bees  and  flies  thrust  head  or  proboscis  from  the  front  into  the 
flower,  and  the  upward  curvatiire  of  the  style  and  stamens  causes 
the  insect  to  enter  by  the  lower  half  of  the  flower,  and  so  to  get 
dusted  with  pollen  from  above. 

As  the  bud  opens,  the  anthers  dehisce,  and  their  appendices, 
which  are  sot  with  squarrose  hairs,  diverge  so  far  outwards  that 
they  cannot  fail  to  be  touched  by  the  proboscis  of  any  insect- visitor, 
and  then,  as  the  shock  is  communicated  to  the  anthers,  the  pollen 
is  shaken  out.  The  style,  which  even  in  the  bud  overtops  the 
stamens,  grows  very  markedly  after  the  flower  opens,  as  the  flower 
itself  does  (of.  1  and  2,  Fig.  124).  Asa  rule,  it  attains  its  fall  length 
inily  after  the  anthers  have  completely  shed  their  pollen,  at  which 
time  also  the  four-lobed  stigma  reaches  its  full  develojHDent ;  but 
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the  stigma,  even  when  the  flower  first  opens,  is  capable  of  causing 
pollen-grains  to  adhere  to  it,  and  is  not  rarely  found  dusted  with 
pollen  at  that  period.  Thus  cross-fertilisation  is  insured  rather 
by  the  position  of  the  stigma  in  advance  of  the  anthers  than, 
as  Severin  Axell  supposes,  by  proterandrous  dichogamy.  Self- 
fertilisation  does  not  occur. 

A.  Hymenoptera — (a)  Apidct :  (1)  Apis  mellifica,  L.  § ,  very  ab.,  sucking 
only ;  (2)  Bombus  terrestris,  L.  ?  9  (J ,  s.  (as  late  as  Oct.  14) ;  (3)  Diphysis 
seiratulae,  Pz.  ?,  s.  ;  (4)  Saropoda  bimaculata,  Pz.  ?,  s.,  with  pollen  of 
Calluna  among  its  collecting-hairs  ;  (5)  Andrena  fulvicms,  K.  ? ,  s.  ;  (6)  A. 
fuscipes,  K.  9  (J ,  8. ;  (7)  A.  doreata,  K.  ? ;  (8)  A.  parvula,  K.  ?  ;  (9)  A; 
Bimillima,  Sm.  ?  (J ,  the  last  three  s.  and  c.p. ;  (l)  Vespida :  (10)  Vespa 
holsatica,  F.  9,8.  B.  Diptera — SyrphUloe :  (11)  Chrysotoxum  octomaculatum, 
Curt.  ;  (12)  Melithreptus  scriptus,  L.  ;  (13)  Syritta  pipiens,  L. ;  (14)  Seri- 
comyia  borealis,  Fallen  (Thuringia) ;  (15)  Cheilosia  scut^»llata,  Fallen ;  (16) 
Syrphus  sp.,  all  sucking.  C.  Thysanoptera — (17)  Numerous  species  of  Thrips. 
See  also  No.  590,  iii. 

Treviranus'  general  assertion  (742)  that  EricacesB  fertilise  them- 
selves before  the  flower  opens  needs  no  further  contradiction  after 
the  foregoing  examples. 

Tribe  RJiodoreoi. 

Loiseleuria  (Azalea)  procumbens,  L. — While  the  higher  passes  of 
the  Alps  are  still  covered  with  snow  under  the  hot  June  sun,  the 
projecting  hillocks  are  carpeted  with  the  red  or  crimson  flowers  of 
Loiseleuria.  Numerous  flies,  humble-bees,  and  Lepidoptera  fly 
from  one  tuft  to  another  over  the  snow  in  search  of  honey,  and  as  the 
flowers  are  proterogynous,  cross-fertilisation  takes  place  regularly 

(609).^ 

Kalmia. — The  striking  peculiarity  of  this  genus, — viz.  that 
the  anthers  are  held  fast  in  pouches  of  the  corolla,  until  an  insect- 
visitor  touches  the  elastic,  outwardly-bent  filaments,  setting  them 
free  and  letting  them  return  to  their  erect  position, — was  described 
in  the  case  of  A',  lati/oliu,  L.,  {K.poli/olia,  Wngnliam.j  by  Sprengel, 
but  was  explained  by  him  as  a  contrivance  for  self-fertilisation. 
Dr.  Hasskarl  seems  even  to  suppose  that  this  beautiful  mechanism 
simply  serves  fur  spontaneous  self-fertilisation  ;  for  he  says  nothing 
about  the  action  of  insects,  and  declares  that  the  stamens  release 
themselves  spontaneously  and  effect  self-fertilisation  (3 1 3). 

^  In  Die  Alpenblumen  the  figure  of  this  flower  has  been  accidentally  assigned  to 
Empetrum  nigrum  (fig.  67). 
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Delpino  and  HildebraDd  oq  the  contrary,  point  out  rightly  that 
the  floral  mechanism  of  Kalmia  leads  to  cross- fertilisatioo  in  case 
of  insect-visits ;  tbey  both  maintain,  in  opposition  to  Hasskarl,  that 
in  K.  latifolia  the  anthers  cannot  spontaneously  release  themselves 
from  their  pouches.  According  to  Delpino,  the  filaments  are  sticky 
at  the  base  in  this  species,  so  that  tbey  cling  to  an  insect  which 
has  inserted  its  head  into  the  flower,  and  are  pulled  up  by  it  when 
it  leaves  (17S,  360), 

The  fertilisation  of  A",  anffiisti/olia  and  K.  latifolia  by  the  hive-bee 
and  other  Hymenoptera,  had  been  observed  and  described  two  yeaiB 


before  by  Professor  W.  J,  Beal.  The  insect  alights  on  the  style,  and 
turning  round  upon  it,  applies  its  proboscis  successively  to  the 
OTiter  sides  of  the  filaments  to  obtain  the  honey  which  is  secreted 
there  abundantly.  In  doing  so,  it  sets  free  the  stamens  with  its 
legs,  and  generally  receives  the  charge  of  pollen  upon  its  body. 
If  insects  are  excluded  from  the  plant  by  means  of  a  net,  the 
flowers  wither  and  fall   off  without  the  stamens  being  set  free. 
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Only  here  and  there  are  anthers  found  to  have  escaped  from  their 
pouches  (Professor  W.  J.  Beal,  No.  41,  and  J.  T.  Rothrock,  No. 
6yG). 

Rhododendron  ferrugineum,  L.,  was  found  by  Ricca  to  be 
proterandrous,  and  visited  by  humble-bees  at  a  height  of  over 
7,000  feet  (665).  The  position  of  the  honey  causes  an  insect- 
visitor  to  pass  towards  it  by  way  of  the  upper  half  of  the  horizontal 
flower,  and  as  the  stamens  and  style  curve  upwards,  they  come  in 
contact  with  the  ventral  surface  of  the  insect.  In  the  first  stage 
the  style  is  shorter  than  the  stamens  and  the  stigma  is  immature  ; 
the  anthers  dehisce  apically  by  means  of  two  orifices.  Afterwards 
when  the  pollen  has  usually  been  all  carried  away,  the  style  elongates 
to  its  full  length  and  the  stigma  attains  its  full  development ;  but 
the  latter  is  still  slightly  overtopped  and  almost  touched  by  the 
tallest  anthers,  and  in  absence  of  insects  it  must  frequently  come 
in  contact  with  the  pollen.  Whether  such  self-fertilisation  is  effective 
is  unknown  (609). 

Rhododendron  Rhodarcc,  Don.  {Rhodara  canade?ms,  L.) — The 
floral  mechanism  is  described  by  Hildebrand  (367). 

Tribe  Pyrolem. 

Pyrola  unijlora,  L.,  and  P.  rotundifolia,  L. — These  species  are 
probably  cross-fertilised  by  short-lipped  insects,  which  may  be  seen 
applying  their  mouths  to  the  moist  stigma  and  the  orifices  of  the 
anthers.  I  have  directly  observed  cross-fertilisation  performed  in 
this  way  in  the  case  of  Pyrola  minor,  L.  (No.  609,  figs.  149,  150). 

Eugene  Warming  found  flowers  of  different  forms  and  sizes  on 
P.  minor.  He  observed  a  plentiful  secretion  of  honey  in  the  case 
of  P,  sfninda  (762). 

Obd.  EPACRIDEjE. 
Epacris. — ^^Delpino  found  one  species  to  be  proterogynous  (178). 

Obd.  PLUMBAGINEM, 

Some  Brazilian  species  of  Plumhago  and  Statiee  are  dimorphic, 
according  to  Fritz  Miiller  (550). 

Armeria,  according  to  Treviranus,  is  self-fertilising.  As  the 
anthers  dehisce,  the  filaments  curve  inwards,  bringing  the  anthers 
immediately  above  the  depressed  centre  of  the  stigma  on  which 
they  shed  their  pollen  (742). 
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Ord.  PRIMULACEjE. 

The  species  of  Primula  have  heen  the  subject  of  a  series  of 
interesting  researches  since  Darwin  first  led  the  way.  In  his  paper 
"  On  the  two  forms  or  dimorphic  condition  in  the  species  of  Primula, 
and  on  their  remarkable  sexual  relations  "  (No.  1 54),  he  showed 
that  in  P.  veris  the  stigma  in  the  long-styled  form  possesses  papillae 
three  times  as  long  as  those  of  the  short-styled  form  ;  and  that  the 
pollen-grains  of  the  long  stamens  are  half  as  large  again  as  those 
of  the  short ;  that  the  same  holds  good  of  P.  Auricula  and  P,  sinensis ; 
that  these  Primulas  are  very  unproductive  in  absence  of  insects/ 
but  fully  productive  when  artificially  fertilised  or  when  insects 
have  access  to  them ;  and  that  in  artificial  fertilisation  legitimate  ^ 
crossings  gave  a  yield  half  as  great  again  as  illegitimate. 

Hildebrand  repeated  Darwin's  experiments  on  P.  sinen^,  and 
obtained  almost  identical  results.  He  performed  the  additional 
experiment  of  fertilising  flowers  of  each  kind  with  their  own  pollen, 
and  found  that  this  was  the  least  productive  of  all  ways.  Also 
Hildebrand  sowed  the  seeds  which  resulted  from  the  various  modes 
of  fertilisation,  and  showed  that  the  union  of  two  long-styled 
flowers  produced  mainly  long-styled  plants,  and  the  union  of  two 
short-styled  flowers  produced  mainly  short-styled  plants ;  while 
legitimate  crossing  of  the  two  kinds  of  flowers  produced  offspring 
consisting  of  both  forms  in  tolerably  equal  numbers  (No.  340, 
1864). 

Treviranus  had  already  (No.  742,  1863),  added  P,  farinosn^  P. 
villosa,  and  P.  minimxi  to  Darwin's  list  of  dimorphic  species.  Mr. 
John  Scott  (No.  692,  1864)  enumerated  altogether  thirty-six 
species  of  Primula  as  dimorphic,  and  six  as  homomorphic,  and 
showed  that  P.  mollis  was  homomorphic  and  regularly  self-fertilised, 
P.  scotiai  homomorphic,  but  rarely  self-fertilised,  though  fruit- 
ful to  its  own  pollen,  P,  verticiUata  homomorphic,  and  usually 
unproductive  when  fertilised  with  its  own  pollen. 

Axell  figures  the  homomorphic  and  proterandrous  flowers  of 
P.  sfricfa,  and  states  that  they  fertilise  themselves  (17). 

Ricca  describes  P.  longiflora,  All.,  as  homomorphic  and  proter- 

^  Darwin  found  that,  in  absence  of  insects,  the  long-styled  fonn  of  /*.  sinensis 
was  twenty-four  times  as  productive  as  the  short-styled.  Hildebrand  found  both 
absolutely  barren. 

*  i.e.  the  fertilisation  of  either  form  with  pollen  from  the  other  form. 
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androus,  the  style  being  long  and  exserted,  and  the  anthers  standing 
in  the  mouth  of  the  long  tube  (66$). 

Darwin  compared  the  productiveness  of  legitimate  and  illegi- 
timate crossings  in  Pnmula  veris,  P,  elatior,  Jacq.,  P,  vulgaris,  P. 
sinensis ;  Hildebrand  in  P.  sinensis  and  P,  Auricula ;  Scott  in  P. 
sikkimensis,  P,  cortusioides,  P.  involucrata,  and  P.farinosa  (167). 

According  to  Darwin,  the  common  Oxlip  is  a  natural  hybrid 
between  the  primrose  and  cowslip,  while  the  Bardfield  Oxlip 
(P.  elatior,  Jacq.)  is  a  good  (heterostyled)  species  (161,  167). 

288.  Primula  elatior,  Jacq. — Honey  is  secreted  by  the  base 
of  the  ovary.  In  the  short-styled  flowers  the  tube  is  15  to  17  mm. 
long,  and  begins  to  widen  at  a  height  of  12  to  13  mm. ;  the  stigma 
stands  in  the  middle  of  the  tube  and  the  anthers  in  the  wide 
entrance.  In  the  long-styled  form  the  tube  is  12  to  14  mm.  long, 
and  begins  to  widen  out  at  a  height  of  4  to  5  mm. ;  in  the  middle 
of  the  tube,  at  the  base  of  the  expanded  portion  stand  the 
anthers,  and  the  stigma  stands  at  or  a  little  above  the  mouth  of 
the  tube.  Humble-bees  can  insert  their  heads  (5  mm.  long) 
wholly  into  the  tube,  and  so  require  a  proboscis  at  least  12  mm. 
long  to  extract  the  honey  from  the  longest  flowers,  and  one  at 
least  7  mm.  long  to  do  so  in  the  shortest.  As  in  Ptdmonariay 
the  bee,  if  it  gains  the  honey  in  the  ordinary  manner  and  not  by 
biting  a  hole  through  the  tube,  must  touch  the  organs  which 
stand  in  the  mouth  of  the  flower  with  its  head,  and  those  in  the 
middle  of  the  tube  with  its  maxillae ;  and  so,  passing  from  flower  to 
flower,  it  effects  legitimate  cross-fertilisation.  Pollen-collecting  bees 
are  only  able  to  secure  their  pollen  in  the  short-styled  flowers; 
they  learn  to  recognise  the  long-styled  plants  at  a  distance  and 
to  avoid  them,  and  then  never  perform  cross-fertilisation  but  very 
often  self-fertilisation. 

Visitors  :  A.  Hymen  opt  era — Apxdce :  (1)  Bombus  hortorum,  L.  $  9  (18 — 21), 
sucking  normally,  8.  and  c.p.,  very  ab.  ;  (2)  B.  silvarum,  L.  9  (12 — 14),  sucking 
normally  ;  (3)  B.  lapidarius,  L.  ?  (12 — 14),  do. ;  (4)  B.  confusus,  Schenck,  $ 
(12 — 14),  do.  ;  (5)  B.  terrestris,  L.  (7 — 9),  makes  a  hole  in  the  corolla-tube,  a 
little  above  the  calyx,  sometimes  biting  it  with  its  mandibles,  sometimes 
piercing  it  with  its  maxillae,  and  so  reaching  the  honey  with  its  tongue  (I  have 
sometimes  seen  this  bee,  before  boring  the  flower,  make  several  attempts  to 
reach  the  honey  in  the  legitimate  way, — this  observation  is  of  interest,  as 
proving  that  the  bee  is  not  guided  by  instinct  to  the  plant  adapted  for  it,  but 
that  it  makes  experimenti^  and  getfl  its  honey  where  and  how  it  can) ;  (6)  Osmia 
rufa,  L.  (J  (7 — 8)  ;  (7)  Apis  mellifica,  L.  9  >  I  w^w  both  of  these  species 
thrust  their  tongues  into  several  flowers,  and  then  abandon  the  plant ;  (8) 
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Anthopliora  pilipes,  F.  J  <J  (13—21),  sucking  normally  and  cp.,  very  nb.  ;  (9) 
Andreua  Owynana,  K.  j  (2i),  cp.  on  the  short-Btyled  form,  ab.  It  holds  the 
anthers  in  ihe  mouth  of  the  flower  with  its  forefeet,  bites  the  pollen  loose  with 
its  mandiblea  and  sweeps  it  with  the  tnTsal  bniHhes  of  ihe  roidlegs  into  the 
collecting- hairfl  of  the  hindlegn.  It  visits  the  lon;i-atyled  foi'm  also,  but  flies 
away  imme<liutely  ;  not,  however,  withont  perforinin)(  cross- fertili  pal  ion  in  the 
momi^ntary  visit.  I  have  never  seen  a  polltn-collecting  humble-bee  alight  on 
a  long-etyled  flower  ;  it  eeeius  to  reco^jnise  them  at  some  distance  and  to  avoid 
them.  B.  Diptera— 5om6;//irf(F .■  (10)  Bombylius  discolor,  Mgn.  (11--12), 
».,  ab.  ;  (11)  B.  major,  L.  (10),  much  less  freq.,  probably  in  most  cases  unable 
to  reach  the  honey.  C.  Coleo'ptera^Skiphylinida: :  (12)  Oinalium  florale,  Pk., 
ab.,  creeping  about  in  the  flowers.     See  also  No.  590,  in. 


Flu.  ll!6.— i  riiHHlrl  InUgtI/Ma,  U 

.-Bliort-ityldl,  B.-Li>DE->tTl»l  plint  (ii"t.  ><Ie). 

.— SliDrt-tljleil,  I).— I.nng-«tjl*l  flowsr  In  settlon  (Mt.  slw), 

,— Stlflmntlc  pnnlDie  ol  ■tanrt-Btyled  flower. 

.  G.-Wllnnf  lonB-Btyltd  lloKer. 


Primula  officinalis,  Jacq.  (P.  veris,  L.),  the  Cowslip. — The 
structure  of  the  flower  resembles  that  of  P.  elatior ;  the  visitors 
include  humble-bees  and  Anthophora  pilipes  (509,  III.). 

The  handsome  red  Alpine  species.  Primula  integrifolia,  L., 
villosa,  Jacq., /arvaosa,  L.,  viscosa.  All.,  •minima,  L.,  lojigiflora.  All., 

c  c 


386 


THE  FERTILISATION  OF  FLOWERS.         [part  hi. 


are  all  adapted  for  Lepidoptera  by  their  colour  and  by  the  narrowing 
of  the  mouth  of  the  tube. 

All  these  species,  with  the  exception  of  P,  longijlora,  are  hetero- 
styled  (609). 

Primida  farinosa  occurs  both  on  the  Alps  and  in  North 
Germany,  and  probably  owes  this  wide  distribution  to  the  mild 
climate  succeeding  the  Glacial  period.  On  the  Alps,  where  it  is 
visited  by  Lepidoptera  in  great  numbers  (I  have  noted  forty-eight 
species),  the  entrance  of  the  flower  is  distinctly  narrower  than  in 
North  Germany,  where  Lepidoptera  are  less  plentiful  and  where 
the  plant  has  probably  to  depend  on  the  visits  of  bees  (609). 

Primula  longijlora  is  homostylic,  and  adapted  by  its  long  narrow 
tube  for  Lepidoptera.  The  tube  is  16  to  24  mm.  long,  and  the 
honey  is,  therefore,  accessible  only  to  Macroglossa  stellaiarum  (25  to 
28)  and  to  Deilepkila  euphorbuB  (25  mm.)  among  all  the  Alpine 
Lepidoptera. 

289.  HOTTONIA  PALUSTRis,  L. — The  flowers  are  dimorphic. 
Honey  is  secreted  by  the  ovary.     In  both  kinds  of  flowers,  the  tube 


Fig.  127.— flbff  on  fa  paluftri*,  L. 

1. — ^Lonjj-styled  flower. 

2.— Its  stipnntic  papillse, 

8.— Phort-8tyled  flower 

4.— Iti  stigmatJu  papills,  on  tlie  same  scnlo  n.^  2. 


is  4  to  5  mm.  long,  the  organs  of  one  sex  standing  in  its  entrance 
and  those  of  the  other  projecting  3  to  4  mm.  beyond.  In  the 
damp  state  the  pollen-grains  of  the  long-styled  form  (which  in 
legitimate  crossing  have  to  traverse  a  style  4  to  5  mm.  long)  are 
spherules  'Oil  to  014  mm.  in  diameter;  those  of  the  short-styled 
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form  (which  in  legitimate  fertilisation  traverse  a  style  7  to  9  mm. 
long)  are  spherules  018  to  '023  mm.  in  diameter. 

The  stigma  in  the  long-styled  form,  which  has  to  receive  the 
larger  pollen-grains,  may  be  seen  with  a  simple  lens  to  be  rough 
and  velvety ;  its  papillae  are  very  much  larger  than  those  on  the 
stigma  in  the  short-styled  form,  which  appears  fairly  smooth  under 
a  lens  (cf.  Fig.  127,  1,  2). 

Insects  in  sucking  the  honey  touch  organs  of  equal  height  with 
the  same  parts  of  their  bodies,  and  so  effect  legitimate  cross- 
fertilisation  regularly.  Pollen-seeking  insects  have  no  need  to 
thrust  their  heads  into  the  flower  in  the  short-styled  form,  and 
hence  do  not  come  in  contact  with  its  stigma  ;  they  come  in  contact 
with  the  stigma  in  long-styled  flowers,  into  which  they  have  to 
thrust  their  heads  to  reach  the  pollen.  In  visiting  several  long- 
styled  flowers  consecutively  they  must  as  a  rule  bring  about 
illegitimate  crossing.  Probably  the  much  greater  productiveness 
of  illegitimate  crossings  in  the  case  of  long-styled  than  in  short- 
styled  flowers  (vide  next  table)  is  due  to  the  fact  that  the  former 
kind  of  illegitimate  crossings  occur  frequently  in  nature  while  the 
latter  do  not,  and  that  the  former  alone,  therefore,  are  of  use  in 
reproducing  the  plant. 

Visitors :  A.  Hymenoptera — Sphegidce :  (1)  Pompilus  viaticiia,  L.,  8., 
thrusting  its  head  into  the  tube.  B.  Diptera — (a)  Emptdce :  (2)  Empis  livida, 
L.  ;  (3)  E.  leucoptera,  Mgn. ;  (4)  E.  pennipes,  L.,  all  three  ab.,  s. ;  (b) 
Syrphidoe :  (5)  Eristalis  arbustorum,  L. ;  (6)  E.  nemorum,  L.,  both  freq.,  s.  or 
l.p. ;  (7)  Ehingia  rostrata,  L.,  s.,  ab.  Five  additional  visitors  (Diptera)  are 
enumerated  in  No.  590,  in. 

Sprengel  was  aware  of  the  dimorphism  of  this  plant,  and 
suspected  that  it  had  some  unknown  purpose.  Hottonia  palustris 
occurs  with  cleistogamic  flowers  (167). 

Mr.  John  Scott  performed  on  Hottonia  palustris  the  same 
experiments  that  Darwin  had  first  instituted  on  Primula,  and 
obtained  likewise  the  result  that  legitimate  or  heteromorphic 
crossings  are  the  most  productive  (692). 

In  the  summer  of  1867,  I  repeated  Scott's  experiments  on 
specimens  which  I  kept  in  a  large  vessel  of  water  in  my  room,  with 
the  following  results  : — 


c  c  2 
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Although  these  observations  are  in  some  places  defective,  they 
illustrate  well  on  the  whole  Darwin's  law  that  in  heterostyled 
plants  legitimate  crossings  are  the  most  fruitful. 

Also  the  preceding  table  shows  clearly  that  self-fertilisation 
and  the  crossing  of  flowers  on  the  same  plant  are  much  less 
productive  even  than  illegitimate  crossings  of  flowers  on  different 
plants.  And  of  very  special  interest  is  the  fact,  brought  out  by  my 
experiments,  that  in  Hottonia  palustris  illegitimate  crossing  between 
different  plants  of  the  long-styled  form  is  just  as  productive  as  the 
legitimate  crossings  are.^ 

I  have  shown  above  that  this  kind  of  illegitimate  crossing  is  to 
a  great  extent  performed  by  pollen-feeding  flies.  If  we  suppose 
that  the  superior  effect  of  legitimate  crossing  in  other  dimorphic 
and  trimorphic  plants  results  from  their  being  exclusively  or  almost 
exclusively  fertilised  legitimately  in  a  state  of  nature,  and  that 
other  ways  of  fertilisation  from  long  disuse  may  and  do  become 

*  This  result  is  arrived  at  by  comparing  16  and  26  in  the  foregoing  table  ;  if,  on 
the  other  hand,  as  Darwin  rightly  insists  (No.  167,  chap,  i.),  we  add  the  number  of 


seeds  from  all  the  capsules  produced  by  the  two  modes  of  fertilisation,  we  obtain  as 

long-i 
after  illegitimate,  77 '5,  or  in  the  proportion  of  100  to  S.*). 


the  mean  number  in  the  long-styled  capsules,  after  legitimate  fertilisation,  91*4, 
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inoperative,  we  can  easily  comprehend  how  in  Hottonia  pcdvstris 
application  of  pollen  from  a  long-styled  flower  to  a  long-styled 
stigma  on  another  plant  has  retained  its  full  eflBciency.^ 

Androsace  Vitaliana,  K.S.,  is  dimorphic  (Treviranus,  No.  742 ; 
Darwin,  No.  167). 

The  Alpine  species  of  Androsace  (A.  septentrionalis,  L.,  A\ 
Chamcejasme,  Host.,  A.  obtusifolia,  AIL,  etc.)  are  homogamic,  and 
visited  chiefly  by  Diptera,  but  to  some  extent  by  Lepidoptera  and 
small  bees ;  in  absence  of  insects  they  are  self-fertilised  (No.  609, 
figs.  140,  141). 

Species  of  Coriusa  fertilise  themselves,  according  to  Treviranus, 
by  the  style  bending  back  towards  the  anthers  (742). 

Dionysia,  Fenzl.,  is  dimorphic  according  to  Kuhn  (399). 

The  Alpine  species  of  Soldanella  are  adapted  for  bees  by  the 
pendulous  or  inclined  bell-shaped  flower,  the  lilac  or  violet  colour, 
the  position  of  the  anthers  close  around  the  style,  and  the  more 
or  less  complete  protection  of  the  honey  from  small  insects  by 
means  of  the  anthers  and  appendages  of  the  corolla  (609,*  figs. 
146-148). 

290.  Lysimachia  vulgaris,  L. — The  following  varieties  of 
this  plant  occur  near  Lippstadt :  (a)  on  sunny  embankments,  a 
conspicuous  form  which  is  never  or  only  rarely  self-fertilised  ;  (b)  in 
shady  hollows,  a  less  conspicuous  form  which  fertilises  itself 
regularly ;  (c)  transition  forms  in  spots  intermediate  in  character, 
e,(j.  on  the  banks  of  ditches  exposed  to  the  sun.  In  the  form  (a) 
the  petals  are  dark-yellow,  red  at  the  base,  recurved,  expanding 
widely,  about  12  mm.  long  and  6  mm.  broad  on  an  average,  and 
the  filaments  are  red  near  the  end;  the  style  projects  several 
millimetres 'beyond  the  tallest  anthers,  so  that  in  case  of  insect- 
visits,  cross-fertilisation  takes  place  regularly,  but  in  absence  of 
insects,  self-fertilisation  cannot  easily  occur.  In  (h)  the  petals  are 
light-yellow  and  of  one  colour  throughout,  10  mm.  long  and  5  mm. 
broad  on  an  average,  not  spreading  out  so  widely,  but  for  the  most 
part  diverging  obliquely  upwards ;  the  filaments  are  greenish -yellow; 
the  style  is  of  the  same  length  as  the  two  inferior  and  longer 
stamens,  so  that  in  absence  of  insects  self-fertilisation  always 
occurs,    (c)  The  intermediate  forms  difler  from  (h)  either  (1)  by  the 

*  This  reasoning,  however,  is  directly  opposed  to  other  cases,  such  as  that  of 
Linum  grayuiiftorum,  in  which  the  long-styled  form  is  quite  unproductive  with 
pollen  from  another  long-styled  flower,  although  from  the  position  of  the  anthers  it 
is  regularly  conveyed  to  the  stigma  (No.  167,  chap.  vi.). 
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red  colour  of  the  filaments,  or  (2)  by  the  larger  size  of  the  petals, 
or  (3)  in  both  characters  together,  or  in  addition  (4)  by  a  slight 
red  colouring  in  the  base  of  the  corolla,  or  still  further  (5)  by  a 
slight  extension  of  the  style  beyond  the  longer  stamens.  All  such 
intermediate  stages  between  the  extreme  forms  occur  in  the  same 
localities,  and  not  unfrequently  even  on  the  same  plant. 

These  forms  of  Lysimachia' vulgaris  form  another  illustration 
of  the  law,  exemplified  in  so  many  previous  cases,  that  while  it  is 
of  advantage  to  the  plant  when  sure  of  insect-visits  to  be  capable 
of  cross-fertilisation  only,  it  is  above  all  important  that,  where 
insect-visits  are  rare,  the  plant  shall  be  capable  of  reproducing 
itself  by  self-fertilisation. 

I  have  not  discovered  honey  in  any  of  the  forms  of  this  plant. 
The  flowers  are  visited  regularly  and  persistently  by  pollen- seeking 
insects,  and  sometimes  by  honey-seeking  insects  which  fly  away 
after  a  few  vain  attempts  to  find  honey. 

A.  Hymenoptera — (a)  Apidve :  (1)  Macropis  labiata,  Pz.  ?  c?  >  rather  ab., 
especially  the  females,  on  the  sunshine- loving  form  of  the  plant.  I  found  the 
females  as  a  rule  only  on  flowers  of  this  plant,  diligently  sweeping  the  flowers 
and  piling  large  masses  of  moistened  pollen  on  their  hind  legs.  I  am  still 
unable  to  decide  where  they  got  the  material  to  moisten  the  pollen  with.  I 
should  suppose  that  they  bored  into  the  succulent  tissue  of  the  flower,  were  it 
not  that  the  mandibles  are  blunt  and  fringed  at  the  end  :  perhaps  the  sharp 
points  at  the  end  of  the  short  blunt  tongue  do  this  work,  which  usually  belongs 
to  the  mandibles.  (2)  Halictus  zonulus,  Sm.  $ ,  scarce  ;  (3)  Andrena  denticu- 
lata,  K.  $ ,  scarce ;  {b)  VeapidcR :  (4)  Odyneinis  parietum,  L.  9  >  f'carce  (the  last 
three  had  obviously  visited  the  flower  in  tlie  vain  hope  of  honey).  B.  Diptera 
— Syrphidm :  (5)  Syritta  pipiens,  L.,  f.p.  on  the  self-fertilised  shade-loving 
form  ;  (6)  Syrphus  balteatus,  Deg.,  f.p. 

Lysimachia  nummidaf^,  L.,  is  almost  always  sterile  (Darwin, 
No.  158),  perhaps  because  all  the  examples  in  the  same  neighbour- 
hood come  from  the  same  stock  (cf.  Eug.  Warming,  No.  762). 

Lysimachia  thyrsiflora,  L.,  is  proterogynous  (762). 

Centiinculus  minimus,  L.,  is  regularly  self-fertilised,  according 
to  Ascherson  (10) ;  it  could  hardly  be  otherwise,  to  judge  from  the 
inconspicuousness  of  the  flowers. 

Anagallis  arvcnsis,  L.,  and  A.  cceimlea,  Schreb. — Delpino 
is  of  opinion  that  A.  ccerulea  and  arvensis  were  originally 
two  forms  of  a  single  dimorphic  species,  which  became  in- 
dependent ("divorzio  di  due  forme  reunite  originariamente  sovra 
una  pianta  dimorpha;*'  No.  172,  p.  45) ;  but  as  yet  this  view  is 
without  proof. 
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The  flowers  of  both  species  are  adapted  for  insects  in  a  simple 
and  effective  way,  so  that  cross-fertilisation  in  case  of  insect-visits 
and  self-fertilisation  in  absence  of  insects  are  equally  well  insured. 
During  the  sunniest  hours  of  the  day,  from  about  9  A.M.  to  3  P.M., 
the  petals  (scarlet  in  A,  arvensis,  blue  in  A,  coerulea),  which  cohere 
only  by  a  ring  at  the  base,  spread  out  almost  to  a  vertical  plane, 
which  has  a  diameter  of  10  to  12  mm.  in  A,  arvensis  and  rather 
less  in^.  c<jeridea;  the  five  stamens  protrude  from  the  centre  of  the 
flower,  and  the  st3?le  projects  between  the  stamens  and  curves 
downwards,  so  that  an  insect  alighting  on  the  lower  part  of  the 
corolla  and  going  towards  the  anthers  comes  first  in  contact  with 
the  stigma.     Stigma  and  anthers  ripen  simultaneously ;  the  pollen, 


Fk;.  128. 

I,-  '1. — Aiyigallit  arrcHHU,  L. 

1.— Fully  expanded. 
2.— llulf  closed. 

3,  4. — A,  edtruleat  Schrel».» 

:;— Fully  expanded. 
4  —In  section,    (x  8J.) 
«t,  Btigran. 


which  coats  the  anthers  all  round,  is  all  that  the  flowers  offer  to 
insect- visitors,  unless  perhaps  the  delicate  red,  jointed,  knobbed 
hairs  which  clothe  the  filaments  are  manipulated  by  flies  with  their 
labellse,  as  I  have  observed  in  the  case  of  the  hairs  upon  the 
filaments  of  Verlnscum}  In  either  case  it  is  to  the  stamens  that 
insects  come,  and  if  they  alight  on  the  interior  part  of  the  flower  as 
the  most  convenient  place  for  them,  the  downward  curvature  of  the 
stigma  suffices  to  insure  cross-fertilisation.  About  3  P.M.  the 
sepals  and  petals  begin  to  close  up,  so  that  the  coloured  surface 
formed  by  the  corolla  is  reduced  to  less  than  a  fourth  of  its  former 

^  According  to  Delpino,  AnagaVis  and  also  Verhascum  are  adapted  for  pollen- 
foUecting  bees,  which  cling  to  the  staminal  hairs ;  but  as  to  Anagallia  direct 
(.bs«  rvution  is  yet  wonting  (rfo.  178,  11.  p.  290). 
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size  (cf.  Fig.  128, 1  and  2).  The  plant,  therefore,  no  longer  attracts 
insects,  but  by  the  closure  of  the  flower  the  stigma  is  drawn 
inwards  and  brought  in  contact  with  the  three  inferior  anthers ;  so 
that  self-fertilisation  results,  unless  insects  have  been  attracted 
during  the  warm  hours  of  the  day  and  have  removed  the  pollen 
from  the  anthers,  at  the  same  time  cross-fertilising  the  stigma. 

I  have  not  yet  observed  insects  visiting  either  species. 

Trientalis  europcca,  L.,  is  proterogynous  and  devoid  of  honey 
(590,  III.). 

Obd.  EBENACEjE, 

Diospyros  virginiana,  L.,  according  to  Asa  Gray,  is  probably 
androdicecious  (167,  2nd  ed.). 

Obd.  OLEACE^. 

Species  of  Jasminum  are  self-fertilised,  according  to  Treviranus 
(742),  the  style  curving  back  towards  the  anthers.  Kuhn  mentions 
Jasininum  as  containing  dimorphic  species  (399). 

Forsythia  is  heterostyled  (Darwin,  No.  167),  but  not  invariably 
so  (590,  III.). 

291.  Syringa  VULGARIS,  L. — Honey  is  secreted  by  the  ovary, 
and  occupies  2  to  4  mm.  of  the  tube,  which  is  8  to  10  mm.  long ; 


Fio.  129. — Syringa  ruJgaria,  L, 

1. — Flower,  from  the  side,  alter  removal  of  half  the  corolla. 

2.— Ditto,  fh)in  above. 

3.— Mouth  of  the  flower,  immediately  after  its  expansion. 

4.— Ditto,  somewhat  later. 

t,  sepal ;  p,  petal ;  >l,  filament ;  a,  anther ;  po,  pollen  ;  ov,  ovary ;  $t,  stigma. 


it  is  sheltered  from  rain  by  the  two  stamens,  which  to  a  great 
extent  fill  up  the  mouth  of  the  tube,  and  the  length  of  the   tube 
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protects  it  from  short-lipped  insects :  it  is  all  the  more  diligently 
sought  therefore  by  insects  whose  proboscis  is  suflBciently  long. 
An  insect  in  inserting  its  proboscis  brings  it  in  contact  first  with 
the  anthers,  which  stand  in  the  mouth  of  the  tube,  and  then  with 
the  stigma,  which  is  lower  down  :  stigma  and  anthers  are  matured 
simultaneously.  If  a  smooth,  dry  needle  be  thrust  into  the  flower, 
it  may  readily  be  seen  that  as  it  enters  no  pollen  sticks  to  it,  and 
as  it  is  withdrawn  pollen  only  adheres  to  it  for  2  to  4  mm.  at  the 
end,  where  it  is  moist  with  honey.  The  same  thing  doubtless 
takes  place  in  the  case  of  honey-sucking  insects,  which  must 
therefore  perform  cross-fertilisation  regularly  ;  while  pollen-feeding 
insects  can  scarcely  ever  eflfect  cross-fertilisation,  but  must  often 
cause  the  loosened  pollen  to  fall  upon  the  stigma  and  lead  to  self- 
fertilisation.  In  absence  of  insects,  self- fertilisation  always  occurs 
ultimately. 

According  to  Batalin  (38),  there  are  two  cultivated  varieties — 
one  proterandrous,  the  other  proterogynous.  I  have  only  once 
seen  the  proterandrous  variety ;  all  the  plants  on  which  I  made  my 
observations  were  homogamic. 

Sprengel  never  observed  insects  on  this  plant. 

Visitors  :  A.  Hymenoptera — (a)  Apidcp :  (1)  Bombus  lapidarius,  L.  ^  9 
(10—14),  ab.  ;  (2)  B.  terrestris,  L.  5  ?  (7—9);  (3)  B.  hortonun,  L.§  9 
(18—21),  very  ab.  ;  (4)  Apis  mellifica,  L.  ^  (6),  ab.  ;  all  sucking.  (To  judge 
from  the  length  of  its  proboscis,  the  honey-bee  can  obtain  only  part  of  the 
honey)  ;  (5)  Eucera  longicomis,  L.  ^  (10 — 12) ;  (6)  Anthophora  pilipes,  F. 
9  cJ  (19—21),  ab.  ;  (7)  Osmia  rufa,  L.  ?  (7—9),  ab.,  the  three  last  sucking  ; 
(8)  Halictus  albipes,  F.  $  ;  (b)  Vesptda :  (9)  Odynerus  sp.  ;  the  two  last  seek 
in  vain  for  honey.  B.  Diptera — (a)  BomhyUdcB :  (10)  Bombylius  major,  L. 
(10),  8. ;  (6)  SyrphidcR  :  (11)  Rhingia  rostrata,  L.  (11 — 12),  very  ab.,  s.  and  f.p.  ; 
(12)  Xylota  segnis,  L.,  f.p.,  after  seeking  in  vain  for  honey ;  (13)  Sjrritta 
pipiens,  L.  (3),  f.p.  ;  (14)  Eristalis  sepulcralis,  L.,  f.p.  ;  (15)  E.  arbustorum,  L. 
(4 — 5),  f.p.  C.  Lepidoptera — (a)  Rhopalocera :  (16)  Papilio  Machaon,  L.  (18) 
(17)  P.  Podalirius,  L. ;  both  ab.  (Stromberg)  ;  (18)  Vanessa  urticae,  L.  (12),  ab. 
(19)  Pieris  cardamincs,  L.  (11)  ;  (20)  P.  brassicae,  L.  (15) ;  (21)  P.  napi,  L. 
(22)  P.  rapae,  L. ;  all  three  ab.  ;  (b)  Sphinges :  (23)  Macroglossa  fuciformis,  L., 
freq.  (Stromberg)  ;  (24)  M.  stellatanim,  L.,  do. 

Syringa  J)ersica,  L.,  is  gynomonoecious  (605). 

292.  LiGUSTRUM  VULGARE,  L. — Honey  is  secreted,  by  the  ovary, 
and  lies  at  the  base  of  the  tube,  which  is  scarcely  3  mm.  long 
and  expands  above  into  a  four-lobed,  rarely  five-lobed,  limb.  The 
more  or  less  distinctly  bilobed  stigma  is  situated  at  the  mouth  of 
the   tube.     The  two   (rarely  three)  stamens  are  matured  simul- 
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taneously  with  the  stigma,  and  project  ifrom  the  tube  ;  the  anthers 
dehisce  laterally,  but  so  widely,  that  the  whole  of  their  inner 
faces  are  covered  with  pollen.  The  two  anthers  stand  sometimes 
wide  apart  (Fig.  130,  4),  at  other  times  they  bend  inwards  over 
the  stigma  (1,  2)  ;  in  the  former  case,  an  insect's  proboscis  in 
entering  the  flower  first  touches  with  one  side  an  anther,  and 
immediately  afterwards  the  stigma  with  the  opposite  side^  and  so 
passing  from  flower  to  flower  leads  to  cross- fertilisation ;  in  the 
latter  case  self-fertilisation  and  cross-fertilisation  may  result  in- 
differently.     Insect-visits   are  very  scarce  by  day ;   perhaps  the 


Flu.  130. — LtguttruiH  vulgare,  L. 

1.  -  Flower,  seeu  ctbliqiiely  from  aliove, 

2.  —Ditto,  not  80  tax  advanced,  seen  directly  fioin  above. 

a,  4.— Flowers,  seen  fh>m  the  side,  after  removal  of  half  tlie  corolla  (x  li^). 


white,  sweet-scented  flowers  attract  nocturnal  Lepidoptera  in 
greater  numbers.  Flowers  whose  anthers  are  inclined  inwards 
above  the  stigma  always  fertilise  themselves  in  absence  of  insects. 

A.  Hymenoptera — Apidce  :  (1)  Heriades  trnncorum,  L.,  s.  (June  27, 1869). 
B.  Diptera — SyrphUice :  (2)  Eristalis  nemorum,  L.,  8.  (June  21, 1868).  A  further 
list  of  visitors  (four  beetles,  two  flies,  two  bees,  seven  Lepidoptera)  is  given  in 
No.  590,  III. 


Obd.  APOCYNAGEjE, 

293.  ViNCA  MINOR,  L. — The  structure  of  the  flower  was 
correctly  described  by  Sprengel,  but  incorrectly  explained,  since 
he  overlooked  here,  as  elsewhere,  the  advantage  of  cross-fertilisa- 
tion. Sprengel  had  found  Thrips,  but  no  other  insect,  in  the 
flower,  and  he  supposed  that  in  creeping  in  and  out  of  the  flower 
it  transferred  pollen  to  the  stigma  of  the  same  flower,  and  that  in 
this  way  alone  fertilisation  was  effected. 

Darwin  (153)  gave  the  first  correct  account  of  the  mechan- 
ism of  Vinca,  for  he  recognised  that  a  long  thin  proboscis  in 
passing  into  the  flower  gets  smeared  with  adhesive  matter,  and 
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in  being  drawn  out  carries  with  it  pollen,  which  in  the  next 
flower  is  left  attached  to  the  stigmatic  edge  of  the  disk  which 
terminates  the  style.  And  in  the  case  of  Vinca  major,  which 
Darwin  had  never  seen  visited  by  insects  in  England  nor  bearing 
fruit,  he  obtained  good  seed  by  repeatedly  passing  a  fine  bristle 
down  among  the  stamens  in  six  flowers  on  two  plants,  and  thus 
eflfecting  both  cross-  and  self-fertilisation.  Another  English  ob- 
server (122 a)  was  led  by  Darwin's  account  to  perform  the  same 
experiment  on  Vinca  rosea,  L. ;  he  obtained  good  seed,  though  he 
had  before  found  the  plant  always  unproductive.  A  third  English 
observer  (636A)  maintained  that  he  had  got  good  seed  from 
Vinca  rosea  when  left  to  itself.     But  Darwin  showed  that  this  last 


Fio.  IHI. —  Vinca  minoi',  L. 

Flower,  after  rcmovul  of  the  anterior  part  <»f  the  corolla. 

a,  ovary;  bb,  two  yellow  lioney-glanns  at  the  base  of  the  ovary;  c,  style;  d,  point  where  the 
filaments  separate  from  the  corolla,  marked  extenially  by  depressions;  d.e,  filament  with  its 
inward  bend  ;  e,  /,  anther,  dehiscing  introrsely  ;  p,  thickening  of  the  style ;  h,  disk-shapfd  end  of 
the  style,  surrounded  with  viscid  matter  and  functioning  as  a  stigma  on  two  sides  of  its  lower 
edge  ;  k,  hairs  upon  the  stigma-disk  which  receive  the  pollen  as  it  issues  from  the  anthers. 


result  was  faulty,  as  the  plant  stood  in  a  greenhouse  with  open 
windows,  by  which  moths  might  enter  (153,  p.  831). 

Delpino,  unaware  of  these  observations,  gave  later  a  full 
account,  agreeing  with  Darwin's,  of  the  mechanism  of  the  flower 
of  Vinca ;  his  description  was  taken  from  V.  rosea,  in  which  the 
lower  border  of  the  stigmatic  disk  extends  downwards  in  the  form 
of  an  inverted  cup  (173,  pp.  15-17).  Hildebrand  afterwards  gave 
figures  of  the  flowers,  which  illustrated  Delpino's  account  (352). 

]S'one  of  the  foregoing  observers  seem  to  have  seen  any  insects 
except  Thrips  on  any  species  of  Vinca,  which  is  remarkable,  as 
V.  minor  in  its  season  (beginning  of  April  until  May)  is  most 
conspicuous  and  rich  in  honey,  and  in  my  experience  is  in  sunny 
weather  visited  abundantly  by  insects.  The  tube  of  the  corolla  is 
11  mm.  lonej  in  V.  minor,  but  insects  can  easily  insert  their  heads 
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into  the  upper  paxt  until  the  way  is  barred  immediately  above  the 
anthers  by  hairs ;  the  two  yellow  nectaries  lying  beside  the  ovary 
are  distant  only  8  mm.  from  this  point. 

Visitors  :  A.  Hymenoptera — Apida :  (1)  Bombus  hortorum,  L.  9  (21) ; 
(2)  B.  lapidarius,  L.  ?  (12—14) ;  (3)  B.  agrorum,  F.  ?  (12—15)  ;  all  three 
very  ab.  (4)  B.  teirestris,  L.  ?  (7 — 9),  lessab. ;  (5)  B.  vestalis,  Fourc.  9  (12), 
scarce  ;  (6)  Anthophora  pilipe«,  F.  ^  (J  (19 — 21),  very  ab.  ;  (7)  Osmia  rufa, 
L.  (J  (7—8).  B.  Di^tem—Bombylidas:  (8)  Bombylius  major,  L.  (10) ;  (9)  R 
discolor,  Mik.  (11 — 12),  very  ab.,  the  latter  species  (April  18,  1869)  as  early  as 
7.46  A.1L  All  the  visitors  sucking  normally.  C.  Thysanoptera — (10)  Thrips, 
ab.    See  also  No.  590,  iii. 

294.  ViNCA  MAJOR,  L. — I  have  once  seen  Bomhus  agrorum, 
F.  $  (12 — 15  mm.),  visiting  this  plant;  it  sucked  numerous  flowers, 
thrusting  its  head  completely  into  the  mouth  of  the  tube. 

Tahemcemontayia  echinata,  Aubl.,  is  barren  when  fertilised  with 
pollen  of  the  same  flower  or  of  other  flowers  on  the  same  plant,  and 
is  productive  only  when  fertilised  with  pollen  from  another  plant  • 
(Fritz  Miiller,  No.  359). 

Apocj/num  androscemi/olium,  L.,  is  fertilised  by  butterflies,  and 
cements  its  pollen  to  the  insect's  tongue  (Ludwig,  No.  432). 

Apocynum  hyperici/olium,  Ait.,  has  the  same  arrangement 
(Ludwig,  No.  443). 

Nerium  Oleander,  L.,  and  N,  odorum,  Ait,  are  adapted  for  long- 
tongued  Lepidoptera  (443). 

In  Rhynchodia  (RhyncJiospeJinum)  jasminoides,  according  to 
Hildebrand,  as  in  Vinca,  the  insect's  proboscis  is  smeared  with 
adhesive  matter  as  it  enters,  and  cemented  to  the  pollen  as  it  is 
withdrawn  (No.  356,  p.  509). 


Ord.  ASCLEPIADEjE. 

295.  ASCLEPIAS  CORNUTI,  Dec.  {A.  syriaca,  L.). — The  Asclepia- 
decR  rival  the  Orchids,  if  not  in  the  variety  of  their  forms,  at  least 
in  their  complexity  and  in  their  perfect  adaptation  to  insect-visit- 
ors. Hildebrand  has  so  thoroughly  described  the  way  in  which  A, 
Camuti  is  fertilised  by  insects  (347),  that  I  have  scarcely  any- 
thing new  to  add  to  his  description ;  yet  it  may  be  well  that  I 
should  illustrate  the  complex  mechanism  by  figures,  and  catalogue 
the  insects  that  effect  fertilisation. 

The  two  ovaries  (^,  14)  are  surrounded  by  a  fleshy  column 
(m,  14,  2,  3,  4)  and  covered  by  a  thick,  fleshy  disk  (?>,  14),  and 
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I.— A  cnDDUtu,  trniB  Ilui  side  (x  >1). 
«.— Dtito,  In  ■ecHoB. 
B.— Palllnis,  iBiBHdiitilr  ^tr  urtuct 
10  — Ditto,  wlwn  the  twLntlng  of  lbs  Ht 
ll.-I«UO,twliUDgcouipleU 
Il~C<irui»mliiiB  ■nd  rati 
IS— Ditto,  luner  view. 
14,— S«tlon  of  Sowar,  liter  nmoi'iil  st  acpila.  fctolt,  and  iMicuUL 
a.  oacDlIaa;  t,  H*  conlcsl  pmccw:  c.  uppn  mciDbnnoDa  prooeu  of  uitbei 
■Btharleonlu* ;  *,  wilbar  wing;  /,  >llt  twtwaau  Iwo  ndjiuot  anther-wlD)!a :  j 
*,  nlln*onlam ;  <,  polllaium ;  i.  t,  emptr  loculi  ol  intliir:  1.  coniKCtlia :  n,  colu 
■Etiohaiaiit  of  ■  camlliw;  o,  atltnnitlo  ahunlnr;  p.  tabj  all|!iu-dlili :  },  onrr-. 


nugnlDed,  outtr  rti 
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they  are  only  capable  of  fecundation  at  five  stigmatic  spots  close 
beneath  the  lower  border  of  the  disk  (o,  14, 4).  The  column,  which 
really  consists  of  the  united  staminal  filaments,  bears  at  its  upper 
end  five  anthers.  The  anthers  lie  close  around  the  stigma-disk ; 
each  of  them  lodges  two  flattened  pollen-masses  (i,  4,  9,  10, 11)  in 
two  pouches  {k,  6),  which  are  open  internally,  and  are  indicated 
externally  by  slight  swellings  (d,  d,  3,  4,  5).  A  thin  membranous 
process  of  the  anther  (c,  5, 14)  rests  upon  the  top  of  the  stigma-disk, 
and  on  each  side  the  anther  is  produced  into  a  triangular  mem- 
branous expansion  (ala  or  anther-wing)  (e,  3,  5,  14),  which  stands 
out  perpendicular  to  the  column  close  to  the  corresponding  process 
of  the  adjacent  anther.  Between  the  two  adjacent  processes 
of  each  pair  of  anthers,  there  is  left  only  a  very  narrow  slit  which 
is  distinctly  wider  at  its  lower  end  (/,  3,  4).  The  slit  leads  into  an 
elongated  space  which  we  may  call  the  stigmatic  chamber  {o,  4, 14) ; 
for  about  the  middle  of  its  vertical  height  the  stigma  is  exposed. 
At  the  upper  end  of  the  slit,  visible  from  the  outside,  is  a  bright, 
black  body  {coTyascidum)  of  regular  shape  {g,  1  to  14),  which  is 
seen  on  closer  examination  to  be  a  thin,  hard,  homy  lamina.  Its 
sides  are  bent  forward  for  its  whole  length  so  that  their  edges  lie 
close  together,  and  in  the  middle  of  its  lower  border  is  a  wedge- 
shaped  slit.  To  this  corpusculum  the  two  adjacent  pollinia  of  two 
neighbouring  anthers  are  attached  by  bands  (retinamda)  ^  which 
lie  hidden  beneath  the  anthers  (A,  4,  9,  13). 

The  upper  end  of  the  column  carries,  besides  the  five  anthers, 
five  hollow,  fleshy,  foliar  organs  (cucullt),  which  secrete  a  large 
quantity  of  honey;  they  stand  opposite  to  the  anthers, and  from 
each  an  incurved  pointed  process  proceeds,  the  upper  extremity  of 
which  rests  upon  the  top  of  the  stigma-disk,  and  lying  on  the 
superior  membranous  process  of  the  anthers  (c)  keeps  the  whole 
firmly  in  place. 

This  singular  apparatus  acts  in  the  following  way  : — 
Insects  (bees,  wasps,  flies)  which  creep  about  the  umbels  in 
search  of  honey,  attracted  by  the  sweet  scent  of  the  flowers,  slip 
upon  the  smooth  parts  of  the  flower  until  a  foot  enters  the  wide 
inferior  part  of  a  slit,  in  which  at  last  it  gets  a  firm  hold.  When 
the  insect  tries  to  draw  its  foot  out  in  order  to  proceed  further, 
the  diverging  claws  are  caught  by  the  apposed  edges  of  the  anther- 
wings,  and  guided  upwards  in  the  sUt,  so  that  one  or  other  of  the 
two  claws  is  brought  without  fail  into  the  notch  in  the  lower 
border  of  the  corpusculum  and  there  held  fast.     If  the  insect  now 

'  These  stnictures  arc  not  in  any  sense  homologous  with  the  retinacuJa  of  Orchids. 


PART  III.]  THE  MECHANISMS  OF  FLOWERS.  399 

draws  its  foot  forcibly  out,  it  brings  with  it  the  corpusculum  {g)  and 
the  two  pollinia  (i)  attached  to  it  by  their  retinacula  (A).  The 
pollinia  stand  wide  apart  when  they  are  extracted  (9) ;  but  the 
retinacula  twist  inwards  as  they  dry  (cf.  9,  10,  11)  bringing  the 
pollinia  so  close  together  that  they  may  easily  be  introduced  into 
another  slit.  As  the  insect  moves  on  over  the  umbel,  its  foot  bearing 
the  pollinia  slips  into  the  lower  part  of  a  slit  of  another  flower ;  and 
this  time  as  the  leg  is  drawn  up  the  pollinia  are  left  in  the  stig- 
matic  chamber  opposite  to  the  stigma,  since  the  slit  is  too  narrow  to 
admit  of  their  further  passage  upwards  ;  and  the  insect,  freeing  its 
foot  by  a  violent  pull  snaps  the  retinacula  and  so  extricates  itself. 
The  pollinia  are  left  behind  in  the  stigmatic  chamber,  while  the 
corpusculum  and  its  broken  retinacula  are  carried  oflF  still  firmly 
attached  to  the  insect's  foot.  The  insect  continues  its  visits,  and 
the  retinacula  attached  to  its  feet  now  get  fixed  in  corpuscula  as 
the  claws  did  before,  and  an  insect's  foot  after  repeated  visits  may 
sometimes  be  seen  bearing  many  corpuscula  with  their  retinacula, 
often  dichotomously  arranged. 

Delpino  saw  A,  Cornuti  in  Florence  fertilised  in  the  manner 
which  I  have  described  by  Scolia  hortorum,  S.  hicincta,  Apis  mellifica, 
and  Bomhus  italicus  (172,  352). 

I  have  observed  many  bees,  wasps,  ants,  and  flies,  on  the  flowers 
of  A,  Cornuti  in  Thuringia.  Dr.  Hildebrand  sent  me  a  still  larger 
number  of  insects  with  corpuscula  on  their  claws,  which  he  had 
caught  on  this  plant  at  Freiburg  in  the  first  hot  days  of  July, 
1870. 

The  following  list  comprises  the  insects  observed  by  Delpino, 
Hildebrand,  and  myself : — 

(Fl.  =  Florence,  Delpino ;  F.  =  Freiburg,  Hildebrand  ;  Th.  = 
Thuringia,  H.  Milller ;  I  =  with  corpuscula  on  their  claws). 

A.  Hymenoptera — (a)  Apidec :  (1)  Apis  mellifica,  L.  ^  J  (Fl.,  Th.)  ;  (2) 
Bombua  italicus,  L.  !  (Fl.)  ;  (3)  B.  terrestris,  L.  5  cJ  J  (F.)  ;  (4)  B.  hypnorum, 
L.  9  !  (F.)  ;  (5)  Halictus  Scabiosaj,  111.  ?  !  (F.)  ;  (6)  H.  cylindricus,  F.  ^  !  (F.) ; 
(7)  H.  qua(lricinctui>»,  F.  9  •  (F.)  ;  (8)  Several  small  species  of  Halictus  (Th.), 
which  I  never  saw  caught  in  the  slits  ;  (9)  Ccelioxys  sp.  ?  (J  !  (F.)  ;  (10) 
Stelis  aterrima,  Pz.  $  !  (F.)  ;  (b)  SphegidcE :  (11)  Scolia  hortorum,  L.  !  (Fl.)  ; 
(12)  Sc.  bicincta!  (Fl.)  ;  (13)  So.  quadripunctata,  F.  ?!  (F.)  ;  (14)  Ammo- 
j)hila  sabulosa,  L.  $  I  (F.)  ;  (15)  Psammophila  affinis,  K.  $  !  (F.)  ;  {c)  Vespidte : 

(16)  Polifltes  gallica,  L.  9  !  (F.,  Th.),  and  var.  diadema  !  (Th.)  ;  (d)  Fomiicxda  : 

(17)  Various  species  (Th.);  they  got  caught  in  the  slits  and  were  not  able  to  set 
themselves  free.  I  have  never  seen  an  ant  tear  its  leg  off  in  order  to  escape.  B. 
Diptera— (a)  Syrph\d(t :  (18)  Eristalis  tenax,  L.  !  (F.,Th.) ;  (19)  E.  arbustorum, 
L. !  (Th.)  ;  (20)  E.  nemorum,  L. !  (Th.)  ;  (21)  Melithreptus  scriptus,  L.  (Th.)  ; 
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(22)  •  M.  taeniatus,  Mgn.  (Th.) ;  both  of  these  obtained  the  honey  without 
getting  caught  in  the  slits,  {h)  Muscida :  (23)  Ocyptera  brassicaria,  F.  (F.) ; 
(24)  Lucilia  (Th.)  In  several  flowers  which  I  dissected,  the  corpuscula  and 
pollen  masses  were  still  in  their  places,  though  pollinia,  which  must  have 
come  from  other  flowers,  had  been  inserted  into  the  stigmatic  chambers. 

The  following  additional  list  is  taken  from  my  Weitere 
Bedbachtungen,  iii.  p.  61.  The  insects  were  for  the  most  part 
observed  in  my  garden  in  July. 

A.  Diptera — Empidce  :  Empis  livida,  L.,  s.  !  B.  Hymenoptera — Apida : 
Bombus  muscorum,  L.  (B.  agrorum,  F.)  (J ,  s.  !  ab.,  Wiirzburg  ;  Coelioxys 
conoidea,  lU.,  ?  (J  !  ab.  C.  Lepidoptera — Noctuida :  Hypena  proboscidalis 
L.,  8.,  not  extracting  the  pollinia ;  Plusia  gamma,  L.,  do.,  in  the  evening ; 
Sphingida :  Sesia  formiciformis,  Esp.  ^  {teste  Speyer),  do.  D.  Neuroptera : 
Panorpa  communis,  L.,  s.  and  extracting  the  pollinia. 

A8cl€piascuras8avica,lj.,SiCCOTdmgto  Fritz  Miiller's  observations 
in  South  Brazil,  is  sometimes  visited  by  wasps,  but  infinitely  more 
frequently  by  a  great  variety  of  butterflies,  on  whose  legs  the 
corpuscula  and  pollinia  of  this  plant  may  often  be  found.     One 


Fia.  133. 
Butterfly's  f(X>t,  bearing  eleven  corposcula  (Ir)  and  eight  pollinia  (at)  of  Anc1epia»  curattavica^  L. 

butterfly,  like  a  Vanessa,  bore  on  one  leg  no  less  than  eleven  cor- 
puscula of  this  Asclepias.  Eight  only  of  the  twenty-two  pollinia 
remained,  the  others  had  been  employed  in  the  fertilisation  of 
other  flowers. 

Asclepias  tenuifolia  (?)  was  seen  by  Hildebrand  to  be  fertilised 
by  a  cabbage-white  butterfly  (361). 

Gomphocarpus  (Asclepias)  fruticosa,  R.  Br. — The  structure  of 
the  flower  and  the  way  in  which  insects  visit  it  have  been  described 
by  Sprengel  (No.  702,  pp.  139-150) :  he  fell  into  the  error  of 
considering  the  upper  surface  of  the  stigma-disk  to  be  the  stigma. 

Araujia  albens,  Brot.  {PhysiantMcs,  Mart.),  is  fertilised  by 
humble-bees,  to  whose  tongues  the  corpuscula  become  attached. 
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Vincetoxicum  officinale,  L.,  is  fertilised  by  the  proboscides  of  small 
flies,  Stapelia  hirsuta,  L.,  and  S.  grandiflora,  Mass.,  by  Musea 
vomitoria  and  Sarcophaga  camaria,  which  are  attracted  by  the 
putrid  odour  of  the  flowers.  As  a  rule,  in  those  Asclepiadese  in 
which  fertilisation  is  efiected  by  an  insect's  proboscis  (Araujia, 
Cynanchum,  Vincetoxicum,  Stapelia,  Boucerosia),  the  five  nectaries 
alternate  with  the  stamens  ;  in  those  in  which  fertilisation  is 
effected  by  the  legs  of  insects  (Asclepias,  Gomphocarjms,  Ceniro^ 
stemma,  Hoya),  the  reverse  holds ;  in  Stephanotis,  which  is  fertilised 
by  the  proboscides  of  nocturnal  Lepidoptera,  the  base  of  the  tube 
of  the  corolla  forms  a -large  honey-receptacle  (172,  352). 

In  Geropejia  elegans,  WalL,  the  flower  forms  a  temporary  prison 
for  its  visitors,  very  much  like  that  of  Aristolochia  Clematitis,  L. 
Small  flies  {Gymnopa  opaca)  creep  through  the  tube  of  the  flower, 
which  is  at  first  erect,  into  the  expanded  portion  which  surrounds 
the  reproductive  organs;  in  this  expanded  portion,  or  cage,  whose 
entrance  is  surrounded  by  stifi*  hairs  pointing  inwards,  they  are 
imprisoned  for  a  whole  day.  On  the  second  day  these  hairs  wither, 
the  flower  bends  over,  the  flies  creep  out  with  the  pollinia  attached 
to  their  proboscides,  and  seek  new  flowers,  in  whose  cages  they 
introduce  the  pollinia  into  the  slits  leading  to  the  stigma,  and  get 
new  pollinia  attached  to  their  proboscides  (178,  360). 

Cynanchum  Vincetoxicum,  R.  Br. — The  flower  agrees  in  most 
points  with  that  of  Asclepias  Cornuii. 

The  dirty-white  flowers  of  Cynanchum,  devoid  of  the  pleasant 
perfume  of  Asclepias,  are  adapted  for  fertilisation  by  carrion-loving 
flies,  which  convey  the  exceedingly  minute  pollinia,  not  with  their 
claws,  but  with  the  bristles  on  their  proboscides.  Further,  while 
in  Asclepias  Cornuti  the  foliar  appendages  of  the  anthers  form  five 
fleshy  cups  filled  with  honey  alternating  with  the  corpuscula,  here 
the  same  appendages  of  the  anthers  form  high  vaulted  fleshy  bodies 
coherent  into  a  ring;  and  alternating  with  them  are  five  deep 
nectariferous  pits  immediately  below  the  five  corpuscula.  Into 
these  pits,  insects  thrust  their  proboscides,  to  suck  the  nectar. 
When  Mnscidco  (in  which  the  proboscis  is  set  with  erect  bristles) 
do  this,  it  is  almost  inevitable  that  when  the  proboscis  is  being 
drawn  back,  one  or  other  of  its  bristles  gets  caught  in  the  slit, 
which  is  placed  over  the  nectary  and  is  wider  below  than  above  ; 
after  entering  the  slit,  it  glides  upwards  between  the  lateral  anther- 
wings  of  the  two  neighbouring  anthers,  straight  into  the  inferior 
wedge-shaped  notch  of  the  corpusculum,  and  is  there  held  fast. 
When  the  fly  now  gives  a  slight  pull  backwards  in  order  to  free 
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its  proboscis,  held  fast  thus  by  a  bristle,  it  tears  away  the  corpuscu- 
lutn  and  its  two  pollinia ;  and  the  pollinia  and  the  processes  which 
carry  them,  both  of  which  were  hitherto  kept  moist  beneath  the 
anthers,  are  now  brought  for  the  first  time  into  the  open  air,  and 
begin  to  be  dried  up.  In  consequence  of  this,  the  processes,  which 
previously  stood  out  in  opposite  directions,  now  bend  so  that  the 
pollinia  come  close  together,  face  to  face.  If  the  fly  now  inserts 
its  proboscis  into  another  nectary  on  the  same  flower,  it  will  be  in 
a  slightly  diflferent  position  with  regard  to  the  slit  in  the  case  of 
each  diflferent  nectary,  and  for  this  reason  alone  the  same  bristle 
will  not  be  caught.  Besides,  it  is  a  considerable  time  before 
the  processes  are  so  far  dried  that  both  pollinia  of  the  same 
corpusculum  can  be  inserted  into  the  slit  along  with  the  bristle 
that  they  are  attached  to,  so  that,  as  a  rule,  the  fly  has  mean- 
while flown  away  to  another  plant.  Here,  if  a  proboscis-bristle 
bearing  pollinia  (which  has  now  become  closely  approximated)  gets 
again  caught  in  the  slit,  one  (or  both)  of  jthe  pollinia  slides  into 
the  stigmatic  chamber  which  lies  behind  the  sUt,  and  remains 
sticking  in  it,  torn  away  from  the  process  that  attached  it  to  the 
corpusculum.  So  crossing  of  separate  flowers,  and  for  the  most 
part  of  separate  plants,  is  regularly  eflfected.  Other  visitors  besides 
carrion-loving  flies  {eg,  JSmpis,  Polistes),  occasionally  attach  one  or 
more  corpuscula  to  the  tips  of  their  proboscides,  but  can  scarcely 
ever  eflfect  cross-fertilisation  (609). 

Hoya  glohulma, — Mr.  Worthington  Smith  has  recently  given  a 
minute  description  of  the  fertilisation  of  this  flower  (699).  He  states 
that  the  corpuscular  processes  (retinacula)  are  elastic  !  When  in 
the  flower  they  are  like  an  extended  spring,  but  the  instant  the 
pollinia  are  withdrawn  the  spring  closes,  and  the  two  poUinia  quickly 
cross  each  other  and  hold  tightly  on  to  the  insect's  foot.  The  flower 
is  distinctly  proterandrous. 

Darwin  describes  a  very  remarkable  instance  of  Hoya  camosa 
bearing  cleistogamic  flowers  in  cultivation  (167). 

Stapelia  also  has  cleistogamic  flowers,  according  to  Kuhn  (399). 

Pcriploca  grccca,  L. — The  mode  of  fertiUsation  has  been  described 
by  Delpino  (172,  352). 

Ord.  GENTIANEJE. 

Gentiana  liUea,  L. — The  honey  is  freely  exposed,  and  I  have 
found  the  plant  visited  by  twenty-seven  species  of  mostly  short- 
lipped  insects.  The  flower  is  homogamous,  and  self-fertiUsation  is 
not  impossible  (570,  vol.  xv. ;  609). 
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Qeidiana  punctata,  L.,  is  proterogynous ;  G.  acaulia,  L.,  and 
G.  aaeUpiadea,  L.,  are  proterandrous.  All  three  are  adapted  for 
humble-bees  (570,  vol.  xv. ;  609,  figs.  128-130). 

296.  Gentiana  Pneumonanthe,  L.  (Sprengel,  No.  702,  pp. 
150-152). — Honey  is  secreted  by  the  base  of  the  ovary.  The 
corolla  is  25  to  30  mm.  long,  and  8  to  10  mm.  wide  at  the  mouth, 
and  it  closes  in  dull  weather,  so  that  the  honey  is  protected  from 
rain.*  The  tube  suddenly  narrows  below  its  middle,  and  the 
stamens,  which  from  this  point  downwards  are  attached  to  the 
corolla,  lie  close  to  the  ovary.  A  humble-bee  can  therefore  creep 
down  as  far  as  the  middle  of  the  tube  ;  but  in  order  to  reach  the 


honey,  it  must  insert  its  proboscis  between  two  stamens  and  the 
corolla,  and  for  this  purpose  a  proboscis  12  to  14  mm.  long  is 
necessary.  In  creeping  into  a  young  flower,  the  bee  comes  in 
contact  with  the  anthers,  which  closely  surround  the  still  unripe 
stigmas  and  display  the  pollen  on  their  outer  surfaces ;  in  creeping 
into  an  older  flower  it  touches,  with  the  same  part  that  in  a  young 
flower  got  dusted  with  pollen,  the  papillar  side  of  the  two  stigmas, 
which  now  stand  above  the  anthers  and  are  recurved  so  that  their 

'  springe]  thought  that  the  hnnsy  wns  s)iFlt«rcd  from  rain  bj  the  cIoMDeM  of 
the  filaments  to  the  ovary  ;  but  if  one  Ittg  h  few  ilropa  of  water  fall  into  an  open 
tlrjwiT,  thfj-  reach  the  hnney  easily.  Here,  an  in  many  other  cases,  tlie  structure 
wbieh  Sprengul  believed  to  he  designeil  to  shelter  the  honey  from  rain  has  nther 
the  object  of  excluding  sboTt-lipped  <uid  uaeleas  insect*. 
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papillar  inner  surfaces  are  exposed  to  contact  with  the  bee.  So  if 
bees  visit  the  flower,  cross-fertilisation  seems  to  be  insured ;  in 
absence  of  insects,  self-fertilisation  seems  to  be  rendered  impossible 
by  the  well-marked  proterandry,  and  by  the  position  of  the  anthers 
in  regard  to  the  ripe  stigmas.  I  have  only  noticed  humble-bees 
visiting  the  plant:  viz.  (1)  Bombus  agrorum,  F.  9  (12 — 15) ;  (2)  B. 
senilis,  Sm.  9  (14 — 16),  both  very  frequent,  sucking  honey  only. 

Gentiana  ciliata,  L.,  is  proterandrous,  and  adapted  for  humble- 
bees.  Honey  is  secreted  by  yellow  fleshy  areas  of  the  base  of  the 
corolla  between  each  pair  of  stamens  (No.  609,  fig.  132). 

Gentiana  bavarica,  L.,  and  G.  verna,  L.,  are  adapted  for  cross- 
fertilisation  by  Lepidoptera.  The  most  important  visitor  seems  to 
be  ifac7'oglo8sa  stellatarum  (No.  570,  vol.  xv. ;  No.  609,  fig.  131). 

O.  nivalis,  L. — The  flower  resembles  the  two  preceding  species 
in  structure,  but  is  less  conspicuous  and  less  visited  by  insects ;  in 
case  of  need  it  fertilises  itself  (570,  609). 

297.  Gentiana  Amarella,  L. — Honey  is  secreted  by  five 
green  fleshy  spots  at  the  base  of  the  corolla,  alternating  with  the 
stamens ;  it  is  sheltered  from  rain  by  the  closing  of  the  flower  dur- 
ing dull  weather,  and  is  protected  from  flies  by  long,  erect  hairs 
developed  on  the  interior  of  the  corolla  at  the  junction  of  its  tube 
and  limb.  The  plant  grows  among  grass,  and  accordingly  the 
lobes  of  the  erect  corolla  spread  out  to  be  mainly  conspicuous  from 
above. 

The  tube  is  16  to  18  mm.  long,  but  as  it  is  6  mm.  wide  at  the 
mouth  a  humble-bee  can  insert  the  whole  of  its  head  and  reach 
the  honey  with  a  proboscis  10  to  12  mm.  long.  Unlike  G.  Fneu- 
monanthe,  the  flowers  are  homogamous.  When  the  flower  opens 
the  anthers  dehisce,  after  turning  their  dehiscent  sides,  which  in  the 
young  bud  were  turned  outwards,  upwards  so  as  to  be  touched  the 
more  certainly  by  the  bee's  head.  The  two  terminal  lobes  of  the 
style  are  already  expanded  and  provided  with  stigmatic  papillae. 
In  case  of  insect-visits,  self-fertilisation  is  not  impossible;  but 
since  the  stigma  stands  above  the  anthers,  the  insect  as  a  rule 
comes  in  contact  with  it  first,  and  efiects  cross-fertilisation.  After 
the  pollen  is  shed  the  anthers  again  come  to  lie  in  a  line  with  the 
filaments  and  place  themselves  close  round  the  style.  I  have  not 
observed  whether  self-fertilisation  occurs  in  absence  of  insects.  I 
have  seen  Bomlncs  silvarum,  L.  ?  (12 — 14),  visiting  the  plant, 
and  sucking  numerous  flowers  (Sept.  30,  1869). 

Gentiana  tcnella,  Rottb.  {G.  glacialis,  Thom.),  G.  nana,  Wulf., 
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0.  catnpestris,  L.,  and  ff.  obtusifolia,  Willd. ,  are  adapted  for  fertili- 
sation by  bumble-bees  and  Lepidoptera  in  tbe  same  way  as 
G.    Amarclla,    L.     (No.     570,    vol.    xv. ;  No.    609,  figs.    133-135). 


Q.   obtusifolia   is   proterandroua.  G.  tftulla  and    G.  nana  bomo- 
gamous,  G.  cavipfstris  soraetimes  homogamoua,  sometimes  slightly 

proterog)'nous. 


REVIEW    OF   THE   QENUS    GENTIASA. 

A  comparison  of  the  very  numerona  Alpine  Gentians  suggests 
the  following  theory  of  their  evolution. 

The  genus  Gcntiana  splits  into  two  main  divisions,  in  one  of 
which  honey  is  secreted  by  tbe  base  of  the  ovary,  in  tbe  other  by 
tbe  base  of  the  corolla. 

We  have  an  offshoot  of  the  first  main  division  in  G.  bitea, 
which  stands  on  a  much  lower  grade  than  the  other  species  and 
nearer  to  the  primitive  form.  The  ancestors  of  tbe  genus  un- 
doubtedly bad,  bke  G.  liika,  fully  open  flowers  with  almost  free 
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petals,  and  ofifered  their  insect-visitors  either  honey  lying  fully 
exposed  in  the  angle  between  ovary  and  corolla,  or  pollen  only. 
In  either  case  the  most  various  insects  were  admitted,  and  they 
performed  cross-fertilisation  (as  in  G.  lutea)  casually  and  irregularly, 
so  that  the  power  of  spontaneous  self-fertilisation  could  no  more 
be  dispensed  with  than  in  G,  lutea. 

In  both  main  divisions,  as  the  nectaries  became  more  perfect, 
bees  and  especially  humble-bees  proved  themselves  the  most 
efficient  cross-fertilisers ;  and  in  relation  to  their  visits  the  cam- 
panulate  form  of  flower  was  evolved.  Unbidden  guests  were 
excluded  from  the  honey  in  the  first  division  by  the  development 
of  deep  honey-passages,  cross-fertilisation  in  case  of  bees*  visits 
being  insured  by  the  position  of  the  anthers  in  a  ring  close  round 
che  style  (sub-genus  Ccelanthe ;  species  purpurea,  panno7iica, 
puTidata,  cruciata,  asclepiadea,  Fneumcmanthe,  Frmlichii,  frigida, 
acaulis).  Later,  as  Lepidoptera  made  their  influence  felt,  the  corolla 
in  Ccdanthe  got  longer  and  narrower,  the  folds  which  narrow  it 
became  more  perfect,  and  the  bilobed  stigma  became  developed 
into  a  disk  closing  the  mouth  of  the  tube.  Thus  resulted  the 
Alpine  sub-genus  Cyclostigmia,  adapted  for  long-tongued  Lepidop- 
tera (species  bavarica,  vema,  xstiva,  imhricata,  piiniila,  utriculosa, 
nivalis). 

In  the  second  division,  hairs  on  the  corolla  afforded  imperfect 
protection  against  unbidden  guests,  and  narrowing  of  the  corolla 
made  it  more  certain  that  both  stigma  and  anthers  should  be 
touched  by  the  bee  (sub-genus  Crossopctalum  ;  species  ciliata,  L. ). 
And  finally,  in  a  special  offshoot  of  this  division,  as  Lepidoptera  here 
also  came  to  have  a  decided  influence  as  cross-fertilisers,  the  fringe 
of  hairs  at  the  mouth  of  the  corolla  became  more  developed, 
excluding  all  visitors  except  humble-bees  and  Lepidoptera  from  the 
honey,  and  the  corolla  became  so  narrow  that  Lepidoptera  as  well 
as  humble-bees  must  perform  cross-fertilisation  in  inserting  their 
proboscides  (sub-genus  Eudotricha ;  species  campestris,  gemuanica, 
Amarella,  obtumfolia,  tend  la,  nana). 

The  primitive  yellow  colour,  retained  in  G,  Intea,  was  gradually 
exchanged  for  blue  by  the  influence  of  the  humble-bees,  and 
instructive  transition-stages  in  this  process  are  preserved  among 
the  species  of  Ccelanthe.^  But  after  the  blue  colour  was  once 
firmly  established  it  was  retained  throughout  the  changes  by  which 
Ccelantfie  passed  into  Cyclostigma  (609). 

'  C.  punctata  has  only  blue  spots  on  tho  pale-yellow  ground  of  the  corolla  ;  and  in 
C,  purpurea,  the  outside  of  the  corolla  is  bluish-purple,  but  the  inside  is  still  yellow. 
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298.  ERYTHRiEA  Centaurium,  L. — I,  like  Sprengel,  have 
failed  to  find  any  honey  in  this  flower,  though  I  have  seen  it 
repeatedly  visited  by  Lepidoptera,  and  though  the  spiral  twisting 
of  the  stamens  (like  the  twisting  of  the  stigina  in  several  SUenecc 
fertilised  by  Lepidoptera)  seems  to  be  an  adaptation  to  insure  their 
being  touched  by  the  thin  proboscis  of  these  insects.  Probably 
the  insect  pierces  some  soft  tissue  with  the  sharp  points  at  the  tip 
of  its  proboscis. 

Visitors  :  Lepidoptera— (a)  Si)hingeH :  On  July  10,  1868,  in  Thuringia,  I 
saw  Macroglossa  stellatarum,  L.,  sucking  first  on  D'umthus  Carthusianorum 
and  then  on  E.  Centaurium  ;  (6)  Noctuce :  On  Sept.  1,  1871,  at  Lippstadt,  my 
son  Hermann  saw  (2)  Plusia  gamma,  L.,  and  (3)  Agrotis  pronuba,  L.,  freq. 
sucking  persistently  on  flowers  of  this  plant.  An  additional  list,  including  five 
Lepidoptera,  three  bees,  and  one  Empis,  is  given  in  No.  590,  iii. 

Mr.  A.  S.  Wilson  found  this  plant  heterostyled  and  with 
dimorphic  pollen-grains  (780). 

Idmnanthemum  (Kuhn,  No.  399)  and  Villarsia  {^Limnanthemum, 
Hamholdtianum,  Fritz  Miiller,  No.  550)  are  dimorphic  (Darwin, 
No.  167,  p.  116). 

Mcnyanthes  trifoliata,  L.,  is  well  known  to  be  dimorphic.  In 
a  small  marsh  near  Lippstadt,  sometimes  flooded  by  the  Lippe, 
which  probably  brought  the  seeds,  I  have  found  the  long-styled 
form  only ;  and  I  have  never  observed  ripe  fruit  there. 

Ord.  POLEMONIACEuE. 

Colma  pe'ndiiMoi^a  is  fertilised  by  Sphingidae  (226),  G,  scandcns, 
Cav.,  by  humble-bees  (52). 

Collomia  grandijlora  (Dougl.),  Lindl.,  has  cleistogamic  flowers 
(423,  424,  685). 

299.  Phlox  paniculata,  L. — Sprengel  recognised  the  pro- 
terandrous  condition  of  this  flower,  and  found  it  to  be  visited  by 
butterflies.  I  have  seen  Co7i02)s  Jlavipcs,  L.,  sucking  honey,  and 
Eristalis  teiiax,  L.,  very  frequently  eating  pollen  on  the  flowers. 

Polcmonium  cceriUcum,  L.,  is  likewise  proterandrous.  Sprengel 
overlooked  the  dichogamous  condition  in  this  plant,  but  Axell  (17) 
figures  the  proterandrous  flowers.^ 

The  honey  is  secreted  in  this  species  and  in  Phlox imniculata  by 
the  lower  fleshy  part  of  the  ovary. 

'  See  also  my  Alpenhlumen,  pp.  257-259,  fig.  97,  and   Weiiere  Beobachiungen,  ill. 
pp.  8,  9. 
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Treviranus  supposed  that  Pokinoniacece  fertilise  themselves 
before  the  flowers  open  (742). 

Oilia  pulchella,  Dougl.,  and  G.  (Leptosiphon)  micrantha,  Steud., 
are  believed  by  Darwin  (167)  to  be  heterostyled. 

Professor  Asa  Gray  considers  Phlox  svhulata,  L.,  to  be  hetero- 
styled, but  Darwin  (167)  shows  that  the  great  variability  of  the 
stigmas  and  pollen-grains  makes  this  a  perplexing  case.  He  says, 
Possibly  this  species  was  once  heterostyled,  but  is  now  becoming 
sub-dioecious,  the  short-styled  plants  having  been  rendered  more 
feminine  in  nature."     {Forms  of  Flowers,  p.  121.) 

Obd.  BORAGINE.E. 
Tribe  Cordiece. 

Cordia,  L.,  is  heterostyled,  but  the  stamens  are  of  almost  the 
same  length  and  the  poUen-grains  are  of  the  same  size  in  the 
flowers  of  both  forms  (Darwin,  167). 

Tribe  Boragece, 

300.  Symphytum  officinale,  L. — A  white,  annular  ridge  at 
the  base  of  the  ovary  secretes  honey,  which  is  lodged  in  the  upper 
part  of  the  inverted  corolla.  The  whole  corolla  is  14  mm.,  its 
upper  narrower  portion  8  mm.,  long.  The  long,  trihedral  invagina- 
tions of  the  corolla,  which  pass  from  the  boundary  between  the 
wide  and  narrow  parts  into  the  wide  part  of  the  bell,  closing  in  the 
spaces  between  the  stamens,  were  thought  by  Sprengel  to  guanl 
the  nectar  from  rain  ;  but  as  in  the  preceding  species,  this  service 
is  performed  by  the  inverted  position  of  the  corolla.  Their  use  is 
probably  to  cause  an  insect  to  thrust  its  proboscis  between  the 
closely  approximated  anthers,  and  not  into  the  wide  intervals  be- 
tween the  stamens.  The  sharp  teeth  which  these  appendages  of 
the  corolla  bear  aid  in  this  object ;  they  certainly  do  not  act  as 
"  pathfinders,"  as  Sprengel  thought,  for  to  an  insect  inserting  its 
head  into  the  flower  from  below,  they  appear  not  bright  and 
shining,  as  Sprengel  describes  them,  but  as  dark  points,  guarding 
all  but  the  legitimate  access  to  the  honey.  This  view  is  confirmed 
by  a  comparison  of  the  lengths  of  the  proboscides  of  insects  which 
reach  the  honey  of  this  flower  in  the  normal  way,  and  of  those 
which  do  so  by  biting  a  hole  in  the  narrow  part  of  the  corolla.  To 
reach  the  honey  by  passing  between  the  anthers  an  insect  requires 
a  probo&cis  at  iea^it  11  mm.  lon^ ;  to  reach  it  by  passing  between 
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the  filaments  from  the  interior  of  the  corolla  would  require  a 
proboscis  only  8  mm.  long.  Now  I  have  found  the  following 
insects  always  sucking  normally  on  this  flower :  Rhingia  rostraia^ 
L.  (11 — 12);  Borrihus  silvarum,  L,  ?  9  (11 — 14);  B.  agrorum, 
F.  9  (13—15);  B.  Rajellm,  111.  ?  9  (11—13);  Anthcphora 
pilipes,  F.  ?  (20 — 21) ;  the  following,  on  the  other  hand,  only 
reach  the  honey  from  outside  by  boring  a  hole  in  the  narrow 
part  of  the  corolla :  B.  terrestris,  L.  ?  (7 — 9) ;  small  workers  of 
B,  lapidariiis,  L.  (9 — 10) ;  and  B.  praforicm,  L.  9  (8 — 9).  It  is 
plain  from  these  measurements  that,  had  the  path  between  the 
filaments  remained  unguarded,  the  three  last-named  insects  might 
all  have  made  use  of  it,  without  resorting  to  the  slower  process  of 
piercing  the  corolla,  and  there  can  be  no  doubt  that  they  are 
deterred  by  the  sharp  teeth  of  the  coroUine  appendages. 

The  anthers,  which,  as  in  Borago,  combine  to  form  an  inverted 
cone,  dehisce  before  the  flower  opens ;  the  pollen  remains  partly 
within  the  anthers,  partly  in  the  apex  of  the  cone,  until  a  humble- 
bee  or  Bhingia  thrusts  its  proboscis  between  the  anthers  and  lets 
the  pollen  fall  out.  Each  pollen-grain  is  002  mm.  long,  about 
001 3  mm.  broad,  and  is  shaped  like  two  spheres  joined  together 
and  flattened  at  the  junction ;  on  being  moistened  with  water,  each 
pollen-grain  swells  into  a  sphere  of  0  02  mm.  diameter.  The  pollen 
as  it  falls  out  resolves  itself  for  the  most  part  into  single  grains,  only 
a  few  of  which  remain  adhering  in  groups ;  a  considerable  amount 
remains  attached  to  the  anther- walls  until  the  flower  withers. 

The  stigma  ripens  as  soon  as  the  flower  opens,  and  hangs  down 
beyond  the  anther-cone ;  an  insect-visitor  therefore  touches  the 
stigma  before  it  displaces  the  anthers  and  dusts  itself  with  pollen. 

In  absence  of  insects,  self-fertilisation  probably  takes  place. 

Visitors  :  A.  Hymenoptera — Apidcs :  (1)  Anthophora  pilipes,  F.  9  1 ;  (2) 
Bombus  agrorum,   F.  9  J  ;  (3)  B.  silvarum,   L.  9  9  1 ;   (4)  B.   Rajellus,   111. 

9  9  •  ;  (5)  B-  terrestris,  L.  9  ;  (6)  B.  pratorum,  L.  §  ;  (7)  B.  lapidarius,  L. 

9  ,  the  last  tliree  gnaw  through  the  narrow  part  of  the  tube  ;  (8)  Eucera  longi- 
coriiis,  L.  (J ,  creeps  bodily  into  the  flower  ;  (9)  Halictus  sexnotatus,  K.  9  ; 
(10)  Apis  mellifica,  L.  § ,  both  suck  through  the  holes  made  by  humble-bees. 
B.  Diptera — Syrphidce:  (11)  Rhingia  rostrata,  L.,  s. !  Only  those  insects 
marked  with  (1)  suck  normally  and  effect  cross-fertilisation.  0.  Coleoptera— 
NitidulidcK:  (12)  Meligethes.     See  also  No.  590,  III. 

301.  BoRAGO  OFFICINALIS,  L. — The  mechanism  of  this  flower 
was  minutely  described  by  Sprengel,  with  great  but  not  absolute 
accuracy.  Honey  is  secreted  by  the  pale-yellow,  fleshy  base  of  the 
ovary,  and  is  lodged  in  a  short  tube  formed  by  the-  bases  of  the 
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stamens ;  it  is  protected  from  rain  by  the  inverted  position  of  the 
flower.  The  anthers  meet  to  form  a  cone ;  each  dehisces  on  its  inner 
surface,  slowly  from  apex  to  base,  letting  the  smooth  pulverulent 
pollen  run  into  the  apex  of  the  cone.  The  style  with  still  imma- 
ture stigmas  is  inclosed  within  the  cone  of  anthers.  An  insect,  to 
reach  the  honey,must  hang  suspended  below  the  flower,  and  thrust  its 
proboscis  between  two  stamens  ;  two  anthers  are  thus  slightly  dis- 
placed, the  point  of  the  cone  opens,  and  a  little  pollen  falls  out 


Fio.  lS6.—Borago  officinalis^  L. 

1. — Flower,  firora  below  ;  the  stAmcus  have  been  cut  awav. 
2. — A  stamen  in  its  natural  position,  viewed  from  the  side. 

a,  ponrh  in  tlie  corolla  ;  b,  cut  end  of  stamen  >  e,  ovary ;  d,  fleshily  thickened  filament ;  e,  pro* 
cess  of  ditto  ;  /,  orifice  of  the  anther. 


The  pollen  in  each  anther  ripens  very  gradually  from  the  apex 
towards  the  base,  and  hence  the  little  shower  of  pollen  may  be 
emitted  repeatedly.  The  style  only  grows  out  beyond  the  cone 
of  anthers  and  develops  its  stigma,  after  the  anthers  have  been 
emptied  of  their  pollen.  Even  after  repeated  insect-visits  a  per- 
manent displacement  of  the  anthers  cannot  take  place,  for  the 
short,  broad  form  and  fleshy  nature  of  the  filaments  (rf,  2),  their 
stiff  external  appendages  (r,  2),^  and  the  invaginated  processes  of 
the  corolla  that  surround  the  base  of  the  anther-cone,  insure  the 
return  of  each  anther  to  its  place  after  every  disturbance.  I  have 
neglected  to  observe  whether  finally,  in  absence  of  insects, 
self-fertilisation  may  take  place. 

*  SpreDgel  thought  that  these  appendages  were  for  the  purpose  of  slieltering  tlie 
honey,  but  the  inverted  position  of  the  liower  renders  this  unnecessary.  Dclpiuo 
(No.  178,  pp.  172-174)  takes  the  view  that  I  have  adopted. 
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(1)  Apis  raellifica,  L.  ^ »  very  ab.,  s.  and  c.p. ;  (2)  Bombus  pratonim,  L.  9 , 
8.  and  c.p.  ;  (3)  HalictuH  zonulas,  Sni.  9,8.;  (4)  H.  sexnotatus,  K.  ? ,  s.,  ab.  ; 
(5)  Megachile  centuncularis,  L.  <J ,  8.     See  also  No.  590,  iii. 

302.  Anchusa  officinalis,  L.  (Sprengel,  PI.  in.,  10, 11, 16, 17). 
— Honey  is  secreted  by  the  green  fleshy  base  of  the  ovary  and 
accumulates  in  the  lower  part  of  the  corolla,  which  forms  a  tube 
7  mm.  long.  The  corolla  is  smooth  within,  but  its  entrance  is 
guarded  from  rain  and  from  unbidden  guests  (flies)  by  five  closely 
approximated,  hairy,  invaginated  processes.  At  its  upper  end  the 
tube  expands  into  a  limb  10  mm.  in  diameter,  at  first  concave  and 
violet  in  colour,  then  flat  and  deep-blue ;  and  further,  the  flowers, 
which  are  conspicuous  in  themselves,  are  rendered  more  so  by 
aggregation.  The  invaginated  appendages,  which  are  indicated 
on  the  outside  of  the  corolla  by  transverse  slits,  serve  by  their 
white  colour  as  honey-guides.  The  anthers,  which  dehisce  in- 
trorsely,  and  the  stigma  which  overtops  them,  are  matured  simul- 
taneously. Cross-fertilisation  is  insured,  in  case  of  insect-visits,  by 
the  position  of  the  stigma  ;  in  absence  of  insd-ts,  self-fertilisation 
must  finally  occur,  for  the  corolla  in  falling  off  brings  the  anthers 
in  contact  with  the  sti^jma. 

Eug.  Warming  has  found  A.  officinalis  heterostyled,  with 
transition-forms  between  the  long-  and  short-styled  flowers  (762). 

Insect-visits  are  plentiful,  and  in  fine  weather  cross-fertilisation 
always  occurs.  On  September  13,  1871,  I  observed  the  following 
insects  visiting  this  plant  on  the  Wandersleber  Schlossberg  in 
Thuringia  : — 

A.  Ilymenoptera — Apidoi :  (1)  Apis  mellificii,  L.  ^  >  s.  and  c.p.,  ab. ;  (2) 
Bonibus  pratorum,  L.  $ ,  s.  and  c.p.  ;  (3)  B.  agrorura,  F.  (J  9  J  W  ^-  silvariuii, 
L.  ^  ;  (5)  B.  lapidariua,  L.  (J  5  J  (6)  B.  muscorum,  F.  $  ;  the  last  four  only 
sucking.  B.  Lepidoptera — Noctuaa:  (7)  Plusia  gamma,  L.,  very  ab.,  s.  See 
also  No.  590,  III.,  and  No.  609. 

303.  Lycopsis  arvensis,  L. — The  same  parts  of  the  flower  as 
in  Anchusa  serve  to  secrete,  contain,  shelter,  and  point  out  the 
honey.  The  flowers  are  doubtless  visited  and  fertilised  in  like 
manner,  chiefly  by  bees,  and  to  some  extent  also  by  Lepidoptera. 
I  have  only  observed  (September  8,  1871,  in  Thuringia)  Hcsperia 
thaumas,  Hufn.,  once  sucking  honey  on  tliis  plant. 

Pulmonaria  avgvsfi/olia,  L.  (P.  azurea,  Besser).^ — This  plant  is 
dimorphic  ;  and  the  two  forms  of  flowers,  besides  differences  in  the 
reproductive   organs,  show   an   unusual   number  of  other  minor 

^  Darwin  (No.  167)  has  taken  P.  angv8t\folia,  L.,  and  P,  (izurea,  Besser,  to  be 
distinct  species. 
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difTerences.  In  the  short-stylcd  flowers,  tho  calyx  is  longer  anil 
narrower,  the  corolla  is  longer  and  has  &  much  larger  and  more  con- 
spicuous limb;  the  ovary  is  smaller ;  tho  nectaries  larger  and  more 
rich  in  honey  than  in  the  long-styled  flower.  In  the  Alps  humble- 
beea  and  Rhingia  and  Bombyliiis  act  as  cross-fertilising  agents 
for  this  species,  as  they  do  for  P.  ojlcinalis  in  the  Lowlands  (609). 
Hildebrand  denies  that  this  plant  is  heterostyled :  it  is  possible 
that  he  made  his  observations  on  cultivated  examples,  and  that 
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there  is  in  them,  as  Darwin   has  shown  in  the  case  of  PnnniJn 
ainenaig,  a  return  to  the  homostylic  condition  (609}. 

Darwin  found  the  long-styled  though  not  the  short-styled 
flowers  of  this  species  absolutely  barren  when  illegitimately  fer- 
tilised ;  he  gives  several  reasons  for  considering  that  this  dimorphic 
plant  is  in  a  transit!  on -stage,  tending  to  become  dioecious  (167). 

304.  PuLMONARiA  OFFICINALIS,  L.^This  Species  also  is  di- 
morphic. Honey  is  secreted  by  the  white,  basal  part  of  the  ovary, 
lodged  in  the  lower  portion  of  the  tubular  corolla,  and  sheltered 
■from  rain  by  a  ring  of  hairs  placed  in  the  tube  at  the  place  where 
it  widens  out.  In  the  short-styled  flowers,  the  anthers  stand  at 
the  mouth  of  the  corolla  (whose  tube  is  10  to  12  mm.  long);  the 
stigma  stands  half-way  up  the  tube,  on  a  style  5  to  6  mm.  long  :  in 
the  long-styled  flowers  these  positions  are  reversed,  the  style  being 
10  mm.  long,  and  the  anthers,  being  attached  by  very  short  fila- 
ments to  the  corolla,  5  nun.  from  the  base  of  the  flower.  Since  the 
corolla  widens  slightly  at  its  mouth,  insects  with  a  proboscis  8  mm. 
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long  are  able  to  reach  the  honey.  Bees  touch  the  longer  reproduc- 
tive organs  with  their  lieads  or  with  the  base  of  their  proboscides, 
and  the  shorter  with  the  maxillsB,  which  serve  to  sheath  the  pro- 
boscis ;  thus  they  regularly  perform  '  legitimate  cross-fertilisation.' 
The  flowers  are  very  conspicuous  and  very  rich  in  honey,  and 
appear  at  a  season  when  they  have  few  rivals ;  they  are  therefore 
very  much  visited  by  insects,  and  have  become  sterile  when 
fertilised  with  their  own  pollen  or  with  pollen  from  another  flower 
of  the  same  form.  Hildebrand  (342)  found  by  experiment  that 
when  he  fertilised  a  flower  of  either  form  with  its  own  pollen,  or 
with  pollen  from  another  similar  flower,  it  was  completely  sterile  ; 
but  when  fertilised  with  pollen  from  a  flower  of  the  other  form,  it 
was  as  productive  as  in  the  wild  state.  He  found  on  investigating 
wild  plants  in  fruit,  that  in  some  cases  the  oldest  flowers  on  the 
plant,  and  almost  constantly  the  terminal  flowers  of  each  shoot,  bore 
no  seed ;  the  former  fact  he  explains  by  the  absence  of  the  proper 
insects  early  in  the  season,  the  latter  by  imperfect  nourishment  of 
the  terminal  parts  of  the  shoots. 

Darwin's  experiments  (No.  164,  p.  103)  on  this  plant  led  to  a 
result  different  from  Hildebrand's.  He  found  that  illegitimately 
fertilised  long-styled  plants  were  highly  fertile,  producing  three 
times  as  much  seed  as  Hildebrand's  wild  specimens  bore ;  and  that 
even  when  self-fertilised,  a  few  seeds  were  produced.  Hildebrand 
endeavoured  to  explain  this  great  discordance  by  the  fact  that  the 
plants  which  he  experimented  on  were  kept  in  pots  in  the  house, 
while  Darwin's  were  grown  out  of  doors. 

Visitors  :  A.  Hymenoptera — Apiilce :  (1)  Anthophora  pilipes,  F.  ^J  5 
(19 — 21),  very  ab.,  s.  and  c.p.,  sucking  now  on  Primula  elatior,  now  on  Cory- 
(lalisy  now  on  Pulnwnaruij  without  restricting  itself  long  to  the  same  species  ; 
(2)  Bombus  hortorum,  L.  9  (21),  very  ab.,  s.,  and  keeping  to  the  same  species 
of  flower  ;  (3)  B.  lapidarius,  L.  ?  (12—14),  s.  ;  (4)  B.  senilis,  Sm.  ?  (14—15),  s. ; 
(5)  B.  agrorum,  F.  ?  (12—15),  ab.,  s.  ;  (6)  B.  silvarum,  L.  9  (12—14),  s. ;  (7) 
B.  Rajellus,  111.  ?  (12—13),  s.  ;  (8)  B.  terrestris,  L.  ?  (7—9),  s.  ;  (9)  B.  pra- 
torum,  L.  ?  (11 — 12),  s.,  distinctly  prefers  Pulmonarna,  leaving  the  flowers  of 
Primula  elatior  untouched  ;  (10)  Osmia  fusca,  Christ,  (bioolor,  Schrank)  ?  <J 
(8),  c.p.  and  s.,  ab.  This  species  feeds  itself  and  its  young  almost  entirely  on 
the  honey  and  pollen  oi  Pulmonaria.  I  have  never  found  its  nests  (which 
are  made  in  snail-shells,  those  of  Helix  nemoralis  at  Lippstadt)  except  where 
Pulmonaria  was  growing  plentifully.  (11)  0.  pilicomis,  Sm.  (J  ? ,  s.  and  c.p.  I 
was  the  first  to  find  this  bee  on  thie  continent  of  Europe.  I  have  found  it  ex- 
clusively on  flowers  of  Pulmonaria^  at  Rixbeck  near  Lippstadt ;  it  occurs  singly 
among  numerous  examples  of  the  foregoing  species,  with  which  it  agrees  in  the 
manner  of  tending  its  young.  (12)  0.  rufa,  L.  $  (7—8),  s.  In  most  of  these 
bees  I  have  directly  observed  pollen  upon  the  maxillee.     B.  Diptera — (a) 
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Bomhylida:  (13)  Aadrcoa  Gwynana,  K,  $,  c.p.  ;  (14)  Antliophora  retuna, 
K.  ?,  c.p.  and  b.  ;  (15)  Halictus  cylindricus,  F.  $,  c.p.  ;  (16)  Bumbylius 
discolor,  Mgn.  (11 — 12),  hovers  over  tlie  flower  and  insertH  ila  proboscis  with- 
otit  settlii^,  ab.,  but  only  in  warm  aunahina  ;  (17)  B,  major,  L.  (10),  do.; 
(6)  Sj/rphldte;  (18)  Rhingia  roatrata,  L.  (11 — 12),  very  ab.,  B.,but  only  towards 
the  end  of  the  flowering  period  (May  18, 1870).  C.  Lepidoptera — Rhopalocera  .- 
(19)  Rhodocera  rbanmi,  L.,  a.,  ab.  D.  Coleoptero — Staj/kyliiiida :  (90)  Omalinm 
florale,  Pk.,  ab.,  creeping  about  in  the  flowera. 

305.  Myosotis  silvatica  (Hoffm.)  Lehm. — As  soon  as  tlio 
flower  opens,  the  anthers,  which  axe  attached  to  the  corolla  above 
the  level  of  the  stigma  and  are  inclined  slightly  inwards,  dehisce 
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longitudinallj,  and  become  covered  on  their  inner  surfaces  with 
small,  white  pollen-grains ;  each  of  the  latter  is  shaped  like  two 
attached  spheres,  and  measures  -005  mm.  hy  003  mm.  The  stigma 
ripens  simultaneously  with  the  anthers.  In  sunny  weather  nume- 
rous flies  frequent  the  flowers,  which  are  rendered  conspicuous  by 
colour  and  by  aggregation.  The  fly  thrusts  its  proboscis  rapidly 
into  the  flower,  spending  at  most  two  to  three  seconds  upon  it, 
and  probably,  therefore,  sucking  honey  in  each  case,  not  gathering 
pollen. 

The  honey  is  secreted  by  the  fleshy  base  of  tlie  ovary,  and  is 
lodged  in  the  lower  part  of  the  tube  of  the  corolla,  which  is  2  to 
8  ram.  long.  An  insect  must  dip  its  proboscis  down  between 
the  stigma  and  anthers,  and  touch  them  with  opposite  sides  of  the 
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proboscis.  Since  the  proboscis  may  be  inserted  on  any  side  of  the 
stigma,  the  part  of  the  proboscis  dusted  with  pollen  in  one  flower 
will  very  probably  come  in  contact  with  the  stigma  in  the  next. 
Since  flies  often  dip  their  proboscis  repeatedly  into  one  flower,  self- 
fertilisation  also  must  frequently  result.  In  absence  of  insects, 
self-fertilisation  always  occurs  by  pollen  falling  directly  upon  the 
stigma.  In  plants  which  I  kept  in  my  room,  guarded  from  insects, 
I  always  found  the  stigma  in  the  older  flowers  thickly  covered  with 
pollen.  Axell  found  on  experiment  that  the  plant  is  completely 
fertile  when  self-fertilised  (17). 

Delpino  describes  Myosotis  as  dichogamous  and  exclusively 
fertilised  by  bees. 

M.  silvatica  in  my  garden  is  visited  by  the  following  insects : — 

. 
A.  Hymeni)ptera — Apidce  :  (1)  Andrena  albicans,  K.  9,8.     B.  Diptera — 

(n)  Syrphiddi :  (-2)  Eristalis  arbiiBtorum,  L.,  ab.  ;  (3)  E.  sepulcralis,  L.,  ab.  ; 

(4)  Syritta  pipiens,  L.,  very  ab.  ;  (5)  Rliingia  rostrata,  L.  ;  (6)  Muscidm :  (6) 

Scatophaga  nierdaria,  F.  ;  (7)  Species  of  Echinomyia  ;  (8)  Onesia  floralis,  R  D.  ; 

(9)  0.  sepulcralis,  Mgn.  ;  (10)  Pollenia  vespillo,  F.  ;  (11)  Musca  corvina,  F. ; 

(12)  Colobata  cotliumata,  Pz.  ;  all  acting  in  the  manner  described  above.     A 

list  of  nineteen  additional  visitors  is  given  in  No.  590,  iii. 

Myosotis  alpestris,  Schmidt. — I  have  observed  this  plant  visited 
on  the  Alps  by  thirty-three  Lepidoptera,  nineteen  Diptera,  and 
one  bee — a  strikingly  difierent  list  from  the  preceding  one  (609). 

306.  Myosotis  intermedia,  Link.  ap.  Schl. — The  flowers  of 
this  plant  diflfer  from  those  of  AL  silvatica  in  their  smaller  size,  and 
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in  two  points  which  make  cross-fertilisation  still  more  sure  :  (1)  The 
stigma  stands  on  a  level  with  the  anthers,  so  that  an  insect's 
proboscis  is  more  certain  than  in  Af.  silvatica  to  touch  anthers  and 
stigma  with  opposite  sides,  unless  it  be  repeatedly  inserted  as  is  not 
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rarely  the  case.  (2)  The  connective  terminates  above  in  a  broad 
expansion,  which  is  slightly  curved  outwards,  but  stands  immediately 
above  the  anther  since  the  latter  is  inclined  towards  the  centre  of 
the  flower ;  this  arrangement  hinders  the  proboscis  from  coming  in 
contact  with  the  anther  while  being  inserted.  The  same  character 
is  present  but  much  less  marked  in  M,  silvatica. 

Self-fertilisation  always  occurs  in  absence  of  insects. 

The  invaginated  processes  of  the  corolla  which  surround  the 
mouth  of  the  tube  in  all  species  of  Myosotis  serve  to  shelter  the 
honey  from  rain,  and  by  their  yellow  colour  serve  as  "path- 
finders " ;  they  also  cause  insects  to  insert  their  tongues  in  the 
centre  of  the  flower  and  so  to  come  more  directly  in  contact  with 
the  stigma. 

Visitors  :  A.  Hymenoptera— -4^m/a? :  (1)  Apis  mellifica,  L.  § ,  ab.,  s.  ;  (2) 
Andrena  fasciata,  Wesm.  <J ,  s.  ;  (3)  A.  albicans,  K.  5,8.  B.  Diptera — (a) 
Bomhyl'ida :  (4)  Boinbylius  major,  L.  a. ;  {h)  Syrph'idcB :  (5)  Chrysogaster 
yiduata,  L.,  s.    See  also  No.  590,  iii. 

307.  Myosotis  palustris,  Rth.,  agrees  in  all  points  with  if. 
intermedia,  except  in  the  length  of  its  tube,  which  is  3  mm.  long. 

Visitors  :  A  Lepidoptera — Rhopalocera :  (1)  Lyca?na  icarus,  Rott.,  s.  B. 
Diptera — Empidce :  (2)  Empis  opaca,  F.,  very  ab.,  s. 

308.  Myosotis  hispida,  Schlecht. — The  flower  is  described  in 
No.  590,  m. 

Visitors:  A.  Hymenoptera — Apidw:  (1)  Halictus  zonulus,  Sm.  9>  9- 
(Tekl.  B.).     B.  Diptera — Muscidce :  (2)  Anthomyia  sp.,  s. 

Myosotis  versicolor,  Lehm. — When  the  flower  opens,  the  corolla 
is  colourless  or  pale  yellow,  and  imperfectly  developed  ;  the  anthers 
and  stigma  are  however  ripe,  and  the  latter  protrudes  a  little  from 
the  flower.  If  insect-visits  now  occur,  cross-fertilisation  results ; 
afterwards  the  corolla  in  elongating  rubs  the  anthers  against  the 
knobbed  stigma  and  the  flower  is  self-fertilised. 

I  have  observed  bees  and  flies  visiting  the  flower  (570,  vol.  x.) 

Echinospemium  Lappulu,liehm. — The  mechanism  of  fertilisation 
resembles  that  of  Myosotis  silvatica,  but  the  honey  is  not  so  acces- 
sible, as  the  limb  of  the  corolla  does  not  spread  out  flat,  but  remains 
bell-shaped.  The  corolla  is  white  while  in  the  bud,  pale  red  while 
just  emerging  beyond  the  calyx,  and  afterwards  bright  blue.  The 
flower  is  visited  by  Diptera,  Apidae,  and  Sphegidae  (590,  iii.  ;  609). 

Omplialodes  vema,  Moench. — The  tube  is  3  mm.  long,  and  the 
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bright  blue  limb  of  the  corolla  expands  to  a  diameter  of  15  to  18 
mm.  The  connective  ha^  no  terminal  appendage  ;  otherwise  the 
Sower  resembles  that  of  Myosotis,  and  self-fertilisatioa  is  likewise  a 
regular  occurrence. 

Visitors;  Hymenoptera — Apida:  (1)  Bomliiis  terre«tris,  L,  ?,  9.;  (3) 
Oamia  rufa,  L.  ,J ,  s, 

309.  LiTHOSPERMUM  AKVENSE,  L. — The  smooth  ovary  secretes 
a  small  amount  of  honey,  which  lies  in  the  base  of  the  corolla ;  the 
latter  forms  a  tube  4  to  .5  mm.  long,  and  only  1  mm.  wide  in  itfi 
lowest  part.  The  five  short  stamens  are  inserted  upon  the  corolla 
below  its  middle,  and  their  anthers  dehisce  inwards  longitudinally 


and  let  their  pollen  escape,  before  the  opening  of  the  flower.  The 
style,  which  is  2  mm,  long,  ends  in  two  smooth,  rounded  lobes,  and 
bears  immediately  below  these  an  annular  ridge  covered  with  stig- 
matic  papilla  ;  this  stands  on  a  level  with  the  anthers,  completely 
filling  up  the  narrow  passage  to  the  base  of  the  flower.  The  upper 
ends  of  the  stamens  curve  slightly  outwards,  thus  guiding  an  insect's 
proboscis  to  the  centre  of  the  flower  and  causing  it  to  pass  between 
the  anthers  and  stigma,  If  in  the  young  flower  an  insect  thnists-in 
its  proboscis,  already  dusted  with  pollen,  cross-fertilisation  takes 
place,  and  the  proboscis  gets  dusted  at  the  same  time  with  fresh 
pollen.  But  as  the  pollen  bsues  more  and  more  from  the  anthers, 
cross-fertilisation  is  soon  rendered  more  difficult,  and  ultimately 
self-fertilisation  becomes  unavoidable. 
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The  regular  occurrence  of  self-fertilisation  is  accounted  for  by 
the  small,  solitary,  white  flowers,  and  the  scantiness  of  insect-visits 
that  this  want  of  conspicuousness  leads  to.  I,  like  Spreugel  also, 
have  ohserved  Pieris  brassicce,  L.,  and  P.  rapes,  L.,  visiting  tbe 
flowers ;  after  once  resorting  to  the  plant  they  came  frequently. 
Bees  and  Syrphidse  also  visit  the  plant  (590, 111.). 

Litkospermum  canescens,  Jjehm. — The  tlowers  either  are 
heterostyled  or  are  very  variable  (167). 

Batschia  (Lithospermttm)  Itmgiflorum,  Pursh.,  has  cleistogaraic 
flowers  (167). 

310.  ECHIUM  vnLGABE,  L. — The  flowers  of  this  plant  are 
very  conspicuous,   and   are   peculiar   in  causing   insects   of  very 


various  sizes  to  perform  cross-fertilisation,  both   in  reaching  the 
honey  and  in  carrying  off  the  pollen. 

The  honey,  which  attracts  most  visitors,  is  secreted  by  tbe  fleshy 
base  of  the  ovary,  and  lies  in  the  base  of  the  five-toothed,  funnel- 
shaped  corolla.  The  narrow  end  of  the  tube  is  inclined  obliquely 
upwards,  and  tbe  expanded  bases  of  the  five  stamens  adhere 
to  its  inner  wall  for  a  distance  of  4  mm.  When  the  stamens 
become  free  from  the  expanded  corolla,  the  latter  suddenly  widens 
out,  and  its  superior  wall  extends  obliquely  upwards  for  about 
12  mm.  farther;  the  sides,  slightly  diverging,  extend  for  9  mm,; 
and  the  inferior  wall  extends  for  6  mm ,  lying  horizontally  and 
curving  slightly  downwards  near  tbe  mouth.     The  corolla  is  large 
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enough  for  large  humble-bees  to  insert  easily  the  head  and  part  of 
the  thorax,  and  smaller  humble-bees  more  than  half  of  their  body ; 
while  still  smaller  bees  can  enter  the  tube  bodily.  The  insect 
passes  straight  on  to  the  base  of  the  flower,  the  downward  curva- 
ture of  whose  terminal  portion  corresponds  to  that  of  the  insect's 
proboscis.  To  alight  on  the  flower  and  suck  the  honey  is  the  work 
of  a  moment ;  so  completely  is  the  shape  of  the  flower  adapted, 
not  for  one  only,  but  for  many  species  of  bees.  But  none  of  the 
various  visitors  can  reach  the  honey  without  getting  dusted  ven- 
trally  with  pollen  in  young  flowers,  or  leaving  some  of  that  pollen 
upon  the  stigma  in  older  flowers.  From  the  point  where  the 
filaments  become  free  from  the  corolla,  they  pass  on  horizontally 
near  the  inferior  wall  of  the  corolla ;  and  the  four  lowest  stamens 
project  some  7  mm.  beyond  the  corolla,  forming  a  convenient 
alighting-place  for  insects.  The  uppermost  stamen,  on  leaving  its 
attachment  to  the  corolla,  also  bends  downwards,  and  in  so  doing 
it  divides  the  entrance  to  the  honey-containing  part  of  the  tube 
into  two  passages ;  it  then  proceeds  horizontally,  but  only  so  far  as 
the  mouth  of  the  corolla.  The  free  ends  of  all  the  stamens  curve 
slightly  upwards;  and  the  anthers,  which  dehisce  as  the  flower 
opens,  turn  their  pollen-covered  sides  upwards  ;  no  bee,  therefore, 
can  alight  without  dusting  its  ventral  surface  with  pollen.  Large 
humble-bees  bring  their  thorax,  smaller  ones  their  abdomen,  in 
contact  with  the  long  stamens,  while  the  smallest  bees,  which  fly 
right  into  the  flower,  must  at  least  come  in  contact  ventrally  with 
the  short  fifth  stamen.  The  style  lies  in  the  midst  of  the  stamens, 
and  divides  terminally  into  two  short  branches,  which  bear  the 
stigmas  at  their  ends.  When  the  flower  opens,  the  style  scarcely 
reaches  the  mouth  of  the  corolla;  its  distal  end  is  straight,  its  two 
branches  lie  close  together,  and  their  stigmas  are  apparently  in- 
capable of  fertilisation.  In  course  of  time  the  style  lengthens  till 
it  projects  10  mm.  beyond  the  mouth  of  the  corolla;  it  curves 
gently  upwards  at  its  outer  end,  and  its  two  branches,  now 
bearing  ripe  stigmas,  sepai*ate.  The  stigmas  now  lie  above 
and  in  front  of  all  the  anthers,  and  no  bee,  large  or  small,  can 
enter  the  flower  without  bringing  its  ventral  surface  in  contact 
with  them. 

It  is  evident  from  the  position  of  the  stigmas  that  cross- 
fertilisation  will  be  performed,  even  if  pollen  remains  upon  the 
anthers  when  the  stigmas  are  mature. 

Echmm  attracts  very  numerous  and  various  insects,  as  the 
following  long  list  shows: — 

E    £    2 
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A.  Hymenoptera — (a)  Apida :  (1)  Apis  mellifica,  L.  § ,  very  ab.,  s.  ;  (2) 
Bombus  silvarum,  L.  $  ^ ,  s.  and  sometimes  also  c.p.  ;  (3)  B.  lapidarius,  L. 
?  9  cf ;  (4)  B.  agrorum,  F.  ?  $  ;  (5)  B.  hortorum,  L.  ?  ^  ^  ;  (6)  B.  terrestris, 
J^-  ?  (J ;  (7)  B.  muscorum,  F.  5  ;  (8)  B.  pratoruin,  L.  ?  ;  (9)  B.  Rajellus,  111. 
<}  ;  (10)  B.  hypnorum,  L.  9  ;  (H)  B.  (Apathus)  rupestris,  F.  9  ;  (12)  B.  ves- 
talis,  Fourc  ?  ;  (13)  B.  campestris,  Pz.  ?  (J  ;  (14)  B.  Barbutellus,  K.  ?  ;  all 
these  thirteen  species  of  humble-bees  are  more  or  less  abundant,  especially  the 
first  five,  all  only  suck,  except  B.  silvarum  ;  (15)  Authophora  quadrimaculata, 
F.  ?  (J  (Thur.),  s.  and  c.p.,  ab. ;  (16)  A.  furcata,  Pz.  ?  ^  (Thur.),  s.  and  c.p.  ; 
(17)  Saropoda  bimaculata,  Pz.  $  (J,  very  ab.,  s.  ;  (18)  Melecta  luctuosa,  Scop. 
9  (Thur.)  ;  (19)  Eucera  longicomis,  L.  (J;  (20)  Andrena  fulvicrus,  K.  (J; 
(21)  A.  albicrus,  K.  S\  (22)  A.  labialis,  K.  $\  (23)  Halictus  nitidus, 
Schenck,  ?  ;  (24)  H.  albipes,  F.  $ ;  (25)  H.  cylindricus,  F.  ?  ^J  ;  (26)  H. 
sexnotatus,  K.  9  ;  Nos.  18 — 25  all  s.  ;  (27)  H.  uitidiusculus,  K.  ? ,  cp.  ;  (28) 
Nomada  sexfasciata,  Pz.  J ,  s. ;  (29)  Ceratina  caTulea,  Vill.  9,8.;  (30) 
MegachUe  Willughbiella,  K.  cJ,  s.  ;  (31)  M.  circumcincta,  K.  9>  ^'  and  c,p.  ; 
(32)  Diphysis  serratulae,  Pz.  9  (J »  s-  ^^^  c.p.,  very  ab. ;  (33)  Osmia  ixxncOy 
Christ,  (bicolor,  Schrank)  9  >  s.  and  c.p.  ;  (34)  O.  oenea,  L.  9  cJ » s.  and  cp. ;  (35) 
O.  csementaria,  Gerst.  9  cf »  c.p.  and  s.,  very  abundant  in  Thuringia  and  Sauer- 
land,  building  its  nests  in  the  cavities  of  stones,  and  feeding  the  young  exclusively 
on  honey  and  pollen  of  Echium  ;  (36)  O.  adunca,  Latr.  9  c?  >  very  ab.,  also 
feeding  its  young  exclusively  on  honej'  and  pollen  of  Echium  ;  (37)  0.  leu- 
comelaena,  K.  9  >  c.p.  ;  (38)  0.  rufa,  L.  9  >  s.  ;  (39)  Coelioxys  quadridentata, 
L.  (=  conica,  L.)  9  cJ>  ®->  *^-  J  (40)  C.  conoidea,  111.  (punctata,  Lep.),  9>  »•  ; 
(41)  C.  simplex,  Nyl.  9  >  8.  ;  (42)  C.  umbrina,  Sm.  9  >  s. ,  (43)  Chelostoma 
nigricorne,  Nyl.  cJ  9  >  s. ;  (44)  Stelis  pheeoptera,  K.  9  >  s. ;  (45)  St.  breviuscula, 
N.  (J,  8.;  (46)  Prosopis  hyalinata,  Sm.  9»  ».  ;  {h)  Sphegula: :  (47)  Crabro 
patellatus,  v.  d.  L.  9  <?  »  (48)  Ammophila  sabulosa,  L.  9  ;  ('l^)  Psammophila 
affinis,  K.  9 »  all  three  s. ;  (c)  VespidfE :  (50)  Odynerus  parielum,  L.  (J ,  s.  ; 
{d)  ChrysidcR :  (51)  Cleptes  semiaurata,  F.,  a.  ;  all  the  short-lipped  Hymeno- 
ptera creep  bodily  into  the  flower  to  reach  the  honey.  B.  Diptera — (a)  SyrphidoB  : 
(52)  Rhingia  rostrata,  L.,  s.  ;  (53)  Helophilus  trivittatus,  F.,  f.p. ;  (54)  Syrphus 
pyrastri,  L.,  f.p.  ;  (55)  S.  arcuatus,  Fall.,  f.p.  ;  (5(5)  Melanostoma  ambigua. 
Fall.,  f.p. ;  (b)  Conopidte :  (57)  Physocephala  vittata,  F.,  s.  C.  Lepidoptera — 
(rt)  Rhopalocera :  (58)  Satyrus  Janira,  L.  ;  (59)  Pieris  brassica?,  L.  ;  (60) 
Lycajna  sp.  ;  (61)  Hesperia  sylvanus,  Esp.  ;  (62)  Colias  hyale,  L.  (Thur.)  ; 
(63)  Melitoea  cinxia,  L.  ;  {h)  Sphinges :  (64)  Zygaina  lonicera*,  Esp.  (Thur.)  ; 
(65)  Macroglossa  stellatarum,  L.  ;  (c)  Noctucc :  (66)  Plusia  gamma,  L.,  ab.,  all 
sucking.  D.  Coleoptera — (67)  (Edemera  virescens,  L.,  crept  fjir  into  the  flower, 
and  seemed  to  reach  the  honey.  A  further  list  of  visitors  in  Low  Germany  is 
given  in  No.  590,  iii.  A  list  of  Alpine  visitors  (seventeen  bees,  five  Lepido- 
ptera) is  given  in  No.  609,  p.  262. 

A  review  of  this  long  list  of  insects,  many  of  which  frequent  the 
flowers  of  Echium  in  great  numbers,  shows  that  the  great  majority 
come  seeking  honey,  and  only  use  the  stamens  as  a  landing-place. 
The  females  of  bees  with  abdominal  collecting-brushes,  without 
any  special  effort,  sweep  up  pollen  with  their  abdominal  brushes, 
filling  them  after  a  few  visits.     The  flower  is  thus  so  convenient 


PART  iil]  the  mechanisms  OF  FLOWER&  421 

for  them  that  several  of  these  bees  (Osiiiia  cutunca  and  0.  cwmen- 
taria)  resort  to  it  exclusively,  both  for  tlieir  own  food  and  for  that 
of  their  larv^.  Syrphid-ce  also  make  frequent  use  of  the  pollen, 
while  bees  ivith  tibial  or  femoral  collecting-baskets  seldom  gather 
it,  and  all  other  insects  come  solely  for  the  sake  of  honey.  The 
power  of  self-fertilisation  has  been  completely  lost. 

This  plant  is  gynodioecious.  The  female  flowers  differ  from  the 
hermaphrodite  in  having  a  much  smaller  corolla  and  shorter  pistil ; 
their  stamcos  arc  short,  and  the  anthers  contain  no  sound  pollen- 
grains  (Darwin,  167). 

Ccrinihe  glabra.  Mill.  (C.  alpiiia.  Kit.). — This  flower  is  adapted 
for  liumble-bees.     Only  humble-bees  or  other  lai^e  bees  can  cling 


Fiu.  \a.—CrTiRtlu ttabra, 
A. — Flower  Uuit  his  mccnlb  ciptDdcd. 
B.— Ditto,  tniiecUoo(x4). 
C.— Older,  niUy»puilcdaowsr(x  1). 

('f»1o  Alp,  July  as,  is;:'). 


to  the  recurved  teeth  of  the  corolla,  and  hanging  beneath  the 
flower,  suck  the  honey  from  its  base.  In  doing  this  the  insect 
fii-st  brings  its  head  in  contact  with  the  stigma,  and  then,  touching 
tlie  anthers  with  its  proboscis,  it  dusts  its  head  with  new  pollen. 
I  have  only  found  bumble-beeB  (Jionilms  dlticola,  5  ?),but  those  in 


422  THE  FERTILISATION  OF  FLOWERS.         [pabt  hi. 

great  numbers,  on  this  flower  {Alpenblumen,  p.  264 ;  named  there 
by  mistake  (7.  majcn*). 

Cerinthe  minor,  L.,  has  a  somewhat  different  structure,  and  is 
visited  and  fertilised  by  the  honey-bee  as  well  as  by  humble-bees 

(S90,  III.). 

According  to  Kuhn,  Uritrichium,  Ainsinckia,  Lithospermum, 
Pvlmonaria,  Amebia,  and  Hockinia,  contain  dimorphic  species 
(399).  Darwin  considers  that  Amsinckia  and  Amebia  are  not 
dimorphic,  but  merely  show  extreme  variability  in  the  length  of 
their  stamens  and  style  (167). 

Mertensia,  Roth.,  is  dimorphic  according  to  Darwin  (167). 


REVIEW   OF   THE   BORAGINE^. 

The  Boragineae  have  inherited  from  common  ancestors  a  short 
tube  which,  to  a  certain  degree,  conceals  their  honey. 

The  lower  forms  (Asperugo,  Echinospermum,  Omphalodes, 
Myosotis)  are  visited  and  cross-fertilised  by  flies  (especially  Syr- 
phidce),  bees,  and  Lepidoptera,  and  are  adorned  with  red,  violet,  and 
blue  colours  through  the  selective  taste  of  their  guests.  Many  species, 
in  the  course  of  individual  development,  seem  to  recapitulate  to  us 
the  evolution  of  their  colours — white,  rosy,  blue  in  several  species 
of  Myosotis ;  yellow,  bluish,  violet  in  M.  versicolor  ;  and  red,  violet, 
blue  in  Pulmonaria,  Echium,  etc.  Here,  white  and  yellow  seem 
to  have  been  the  primitive  colours ;  and,  at  least  in  many  cases, 
violet  and  blue  seem  to  have  been  preceded  by  red — an  assump- 
tion which  is  strengthened  by  the  fact  that  many  blue  and  violet 
species  (Myosotis,  Anchusa,  Symphytum)  give  us  white  and  rose- 
red  varieties,  apparently  by  reversion  to  more  primitive  characters. 

Starting  from  these  simpler  forms,  we  meet  with  many  ad- 
vancing adaptations  for  fertilisation  by  bees.  Pulmonaria,  simply 
by  the  length  of  its  tube,  protects  its  honey  from  the  great  majority 
of  insects,  excepting  humble-bees,  and  insures  cross-fertilisation,  in 
the  event  of  humble-bees  visiting  it,  by  the  distinct  heterostylic 
condition.  Anchusa  reserves  its  honey  for  bees  still  more  effectually 
by  the  narrow  entrance  to  its  tube ;  and  according  to  Warming,  it 
shows  locally  a  tendency  (never  completely  attained)  to  become 
heterostyled.  Echium,  without  excluding  other  guests,  has  so 
adapted  the  form  of  its  flowers  for  the  convenience  of  bees,  that 
many  species  visit  it  in  great  numbers;  and  it  insures  cross- 
fertilisation  by  proterandry  and  by  the  prominent  position  of  the 
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mature  stigma.  The  drooping  flowers  of  Borago,  and  the  poaitioD 
of  their  anthers,  exclude  all  insects  wliich  cannot  hang,  as  bees 
can,  below  the  flower  aud  insert  their  proboscides  into  the  narrow 
opening.  Symphytum  and  Cerinthe,  flnally,  besides  offering  the 
same  difficulties  as  Borago,  have  a  tube  which  requires  so  long  a 
proboscis  to  reach  its  base,  that  only  humble-bees  and  other  bees 
with  a  proboscis  equally  long  can  reach  the  honey. 

Om  COHVOLVULACE^. 

311.  Convolvulus  abvensis,  L. — Sprengel  has  described  the 
chief  characters  of  this  flower  very  clearly,  contrasting  them  with 
those  of  0.  sepium. 

The  funnel-shaped  corolla  is  yellow  at  the  base  internally, 
elsewhere  either  white  or  red,  and  marked  in  the  latter  case  witti 


five  radiating  white  streaks.  These  "  pathfinders,"  and  the  habit 
of  closing,  both  in  the  evening  and  in  rainy  weather,  mark  out  the 
flower  as  adapted  for  the  visits  of  diurnal  insects.  The  orange-red 
under  surface  of  the  ovary  secret«s  honey,  which  is  lodged  in  the 
lowest,  narrowest  part  of  the  corolla,  and  sheltered  by  the  broad 
bases  of  the  stamens,  whicb  leave  five  narrow  openings  leading  to 
it.  The  stamens  arising  thus  with  broad  bases  from  the  corolla, 
adhere  to  it  for  a  short  distance,  and  then  curve  inwards,  coming 
close  together  around  the  style ;  the  filaments,  where  they  are  in 
contact  with  one  another,  are  closely  beset  with  small,  stiff  pro- 
jections,  which   prevent   an  insect   from   thrusting   its   proboKis 
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between  them.  The  five  narrow  slits  between  the  stamens,  near 
their  base,  are  thus  the  only  means  of  access  to  the  honey,  and  the 
insect  must  make  its  way  into  the  funnel  between  the  corolla  and 
the  stamens,  and  then  insert  its  proboscis  into  one  of  the  slits. 
Since  the  stamens  dehisce  extrorsely,  an  insect  acting  in  this  way, 
unless  it  be  too  small,  must  be  dusted  with  pollen ;  and  the  two 
branches  of  the  stigma,  standing  well  above  the  anthers,  and 
stretching  outwards  over  them,  are  touched  before  the  anthers  by 
the  insect.  In  absence  of  insects,  self-fertilisation  can  easily  occur ; 
for  if  the  flower  hangs  down,  or  if  the  corolla  withers  and  falls  off, 
the  pollen  readily  falls  upon  the  stigma,  and  even  in  erect  and 
fresh  flowers,  one  of  the  stamens  is  not  unfrequently  seen,  still 
covered  with  pollen,  in  contact  with  the  stigmatic  papillae.  The 
flowers  have  a  peculiar  aromatic  smell,  which  seems  the  only  reason 
for  their  being  visited  so  much  more  plentifully  than  the  larger 
flowers  of  C  sepium. 

Visitors  :  A.  Hymenoptera — Apidte  :  (1)  Apis  mellifica,  L.  9 »  very  ab.,  s. 
and  c.p., — to  suck,  it  creeps  down  into  the  base  of  the  flower,  dusting  its  head 
and  back  with  pollen,  which  parts  come  first  in  contact  with  the  stigma  in  each 
flower  ;  (2)  Hal  ictus  mono,  F.  (J,  s.,  touching  neither  stij^ma  nor  anthers  ;  (3) 
H.  villosulus,  K.  9  ;  (4)  H.  longulus,  Sm.  9  ;  (5)  H.  nitidiusculus,  K.  $ ,  all 
three  c.p. ;  they  usually  alight  on  the  stigma  and  then  proceed  to  the  anthers, 
thus  effecting  cross-fertilisation  ;  (6)  Chelostoma  campanularuni,  K.  cJ ,  s.,  like 
No.  2.  B.  Diptera — (a)  Empidce  :  (7)  Empis  livida,  L.,  very  ab.,  s.,  thrusting 
its  proboscis  into  each  of  the  five  nectaries  one  after  another ;  (b)  Syrphidce : 
(8)  Helophilus  floreus,  L.,  s.  and  f.p. ;  (9)  Eristalis  arbustonim,  L.,  s.  and  f.p., 
takes  shelter  from  rain  in  the  flowers  ;  (10)  Syrphus  nitidicollis,  Mgn. ;  (11) 
S.  balteatus,  Deg. ;  (12)  Melithreptus  scriptus,  L.  ;  (13)  M.  tamiatus,  Mgn.,  all 
four  f.p., — the  large  honey-sucking  flies  effect  cross-fertilisation  in  the  same  way 
as  No.  1,  the  smaller  pollen-feeding  flies  do  so  after  the  manner  of  Nos.  3 — 5  ;  (r) 
Muscidoe  :  (14)  Sepsis,  abundant  in  the  passages  leading  to  the  honey.  C.  Coleo- 
ptera — (a)  NitkluUdce :  (15)  Meligethes,  do.  ;  (6)  (Edemerid(p  :  (16)  CEdemera 
virescens,  L.,  f.p. ;  (c)  Cerambycidw :  (17)  Leptura  livida,  L.,  feeding  on 
pollen,  and  on  the  anthers.  D.  Hemiptera — (18)  Nabis,  s.  Eighteen 
additional  visitors  are  enumerated  in  No.  590,  ni. 

Calystcgia  sepium,  R.  Br.  {Gonvolvuhts  sepium,  L.). — The  flowers 
are  scentless  and  loithoiit  "  pathfinders.'*  In  spite  of  their  large 
size  and  conspicuous  white  colour,  they  are  only  scantily  visited 
by  insects.  They  remain  open  in  rain.  On  dark  evenings  (be- 
tween 8  and  10)  I  have  found  all  the  flowers  closed,  but  all  open 
on  moonlight  nights.  In  other  respects  the  flowers  are  similar 
to  those  of  Convolmdics  arvensis,  I  have  never  observed  crepus- 
cular or  nocturnal  insects  on  the  flowers,  but  several  of  my  pupils 
have  caught  numbers   of  Sphinx   convolvuli  upon  them    in    the 
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evening.  In  the  daytime  I  have  sometimes  seen  ffalictus  cylind- 
ricus,  K.  c?,  and  Megachile  centuncularis,  L.  3,  and  Emjpis  and 
Rhingia  in  special  numbers,  all  creeping  into  the  base  of  the 
flower,  and  inserting  their  proboscides  through  the  slits  between 
the  filaments.  Rhingia  rostrata,  L.,  applies  its  labellse  fre- 
quently to  the  anthers,  stigma,  and  inner  wall  of  the  corolla, 
apparently  picking  up  scattered  pollen.  Meligethes,  Thrips,  and 
minute  Fodurce  also  frequent  the  flowers  during  the  day. 

Delpino  mentions  Sphinx  convolvuli  as  a  fertiliser  of  C.  sepium 
(172,  352);  he  tells  me  by  letter  that  one  of  his  friends  catches 
this  insect  in  numbers,  standing  by  a  hedge  overgrown  with  the 
plant,  holding  thumb  and  forefinger  over  a  flower  and  closing  its 
orifice  when  the  insect  has  entered  ! 

In  England,  where  Sphinx  convolvuli  is  rare,  C.  sepium  seldom 
produces  seed  ;  in  Scotland,  where  S,  convolvuli  seems  not  to  occur, 
C.  sepium  is  rarely  found  wild  (773).  In  the  north  of  Ireland, 
according  to  Mr.  T.  H.  Corry,  C,  sepium  is  far  commoner  than 
C.  arvcnsis,  and  Sphinx  convolvuli  is  comparatively  frequent. 

Ciiscuta  Epithymuiriy  L.,  is  homogamous.  Honey  is  secreted 
by  the  lower  part  of  the  ovary,  and  is  sheltered  by  scale-like 
appendages  of  the  corolla.  The  flowers  are  visited  by  Sphegidoe, 
and  in  absence  of  insects  fertilise  themselves  (590,  ill.). 

CiLscuta,  according  to  Kuhn,  has  cleistogamic  flowers  (399). 

Ipomoca  pcstigridis,  L.,  has  cleistogamic  flowers,  which  were 
known  to  Dillenius. 

Calonyctiony  Chois. — The  flowers  are  sterile  to  their  own  pollen. 

Obd.  SOLANACE^. 

312.  SoLANUM  TUBEROSUM,  L. — The  peduncles  stand  almost 
horizontal  at  the  time  of  flowering,  and  the  five-pointed  rotate 
limb  of  the  corolla  becomes  nearly  vertical.  Five  anthers  meeting 
to  form  a  cone  project  from  the  flower  and  surround  the  style, 
which  protrudes  beyond  them  and  curves  more  or  less  downwards 
at  its  stigmatic  end.  All  the  stamens  bend  very  slightly  down- 
wards, and  the  lower  anthers  project  somewhat  in  advance  of  the 
others.  The  anthers  begin  to  dehisce  at  their  apex,  and  when 
touched  allow  a  little  pollen  to  fall  out ;  in  some  which  I  ex- 
amined a  large  quantity  of  pollen-grains  (from  '013  to  021  mm. 
in  diameter)  remained  in  a  shrivelled  condition. 

Since  the  flower  secretes  no  honey  and  affords  little  pollen,  it 
is  very  scantily  visited  by  insects.     In  spite  of  repeated  watching, 
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I  have  only  occasionally  seen  two  common  Syrphidae,  Eristalis 
tenax,  L.,  and  Syritta  pipiens,  L.,  feeding  on  the  pollen.  Darwin 
observed  the  flower  visited  by  humble-bees. 

The  stigma,  from  its  position,  must  be  touched  by  an  insect- 
visitor  before  the  anthers.  In  many  flowers  the  end  of  the  style 
curves  backwards  so  much  as  to  stand  beneath  the  anthers,  in  the 
line  of  fall  of  the  pollen,  so  that  self-fertilisation  may  in  such  cases 
occur.  Treviranus  was  therefore  not  wholly  wrong  when  he 
described  the  genus  Solanum  as  fertilised  by  the  style  curving 
backwards  to  meet  the  anthers  (742). 

313.  Solanum  Dulcamara,  L.,  is  likewise  devoid  of  honey, 
and  is  at  least  as  scantily  visited  by  insects  as  S.  tuberosum.  I 
have  seen  Bhingia  rostrata,  L.,  examining  the  greenish  spots  which 
glitter  like  drops  of  fluid  in  the  middle  of  the  violet  corolla,  and 
afterwards  stroking  the  tips  of  the  anthers  with  its  labellae.  Here 
S,  Dulcamara  seems  to  delude  the  fly  as  Pamassia  and  Lopezia  do 
(590,  III.,  pp.  20-22).  8,  Dalcamura  is  also  visited  by  pollen- 
collecting  BomM,  and  pollen-feeding  Syrphidae  (609). 

314.  Solanum  nigrum,  L.— The  flowers  are  devoid  of  honey, 
but  I  have  repeatedly  seen  two  common  Syrphidae,  Melithreptus 
scrvpttLS,  L.,  and  Syritta  pipiens,  L.,  feeding  on  the  pollen.  Both 
stroked  the  outer  side  of  the  anthers  with  their  labellae  from  the 
apex  downwards  as  far  as  the  middle  of  the  corolla.  Sprengel 
observed  bees  and  humble-bees  upon  the  flowers.  I  have  given  a 
further  account  of  the  flower  in  No.  590,  ill. 


Fio.  144. — Lyeium  barbarumy  L. 

1. — Flower,  viewed  from  the  front. 

2.— Ditto,  in  section. 

a,  protecting  hairs ;  •(,  stigma. 


315.  Lycium  barbarum,  L.  {L.  vulgare,  Dun.). — Honey  is 
secreted  in  large  quantity  by  the  naked  ovary,  and  accumulates  in 
the  base  of  the  tube,  which  is  7  to  10  mm.  long.     The  corolla 
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widens  out  above,  and  is  smooth  within,  except  that  a  ring  of  close 
woolly  hairs  surrounds  it  at  the  base  of  the  funnel-shaped,  ex- 
panded portion ;  on  a  level  with  this  ring,  five  similar  rings  of  hairs 
surround  the  five  stamens,  and  effectually  exclude  rain.  The 
corolla  divides  above  into  five  violet  lobes,  which  spread  out  to 
a  diameter  of  1 6  to  22  mm.  The  funnel-shaped  mouth  is  light- 
coloured,  and  marked  with  dark-violet  lines  (pathfinders)  coursing 
towards  the  base  of  the  flower.  Stigma  and  anthers  ripen  to- 
gether, and  stand  at  the  same  height.  The  style  is  sometimes 
bent  upwards  above  the  anthers,  as  in  the  figure,  but  as  a  rule  it 
is  in  immediate  contact  with  them.  Insect-visits,  therefore,  may 
lead  equally  well  to  cross-  and  self-fertilisation ;  and  in  absence  of 
insects  self-fertilisation  in  most  cases  takes  place. 

Visitors  :  Hymenoptera — Apida :  (1)  Apis  mellifica,  L.  $ ,  a.,  ab. ;  (2) 
Bombus  agrorum,  F.  ? ,  s. ;  (3)  B.  lapidarius,  L.  9  >  8«>  l>oth  very  frequent. 
See  also  No.  590,  iii. 

Atropa  Belladonna,  L.,  is  likewise  adapted  for  humble-bees. 
I  have  seen  it  visited  by  nine   species  of  bees   and   by  Thrips 

(590,111.). 

MaTidragora  vemalis,  Bert.,  is  proterogynous,  according  to 
Hildebrand  (351). 

lochroina  tubulosum,  Benth.,  is  proterogynous  with  persistent 
stigmas.  The  deep-blue,  pendulous  flowers  are  tubular,  widening 
out  at  the  mouth,  and  are  supposed  by  Delpino  to  be  fertilised  by 
humming-birds  (177). 

Scopolia  camiolica,  Jacq.  {S,  atropoides,  Sohult),  is  protero- 
gynous (351). 

316.  Hyoscyamus  niger,  L. — Cross-fertilisation  is  insured, 
or  at  least  favoured,  by  the  prominent  position  of  the  stigma. 
Sprengel  found  the  plant  visited  by  humble-bees,  and  the  dimen- 
sions of  the  flower  seem  well  suited  to  these  insects.  I  have  seen 
only  ffalidus  ci/lindricvs,  F.  ? ,  collecting  pollen  on  the  flower. 

Browallia  elcUa,  L. — The  corolla  is  hypocrateriform,  and  its 
mouth  is  blocked  by  the  much  expanded  filaments  of  the  two 
superior  stamens,  which  are  inserted  in  the  throat  of  the  corolla ; 
these  leave  only  two  very  narrow  openings  through  which  a  thin 
proboscis  may  pass.  The  proboscis  entering  in  this  way  touches 
the  anthers  (the  inferior  pair  of  which  is  inclosed  in  the  tube),  and 
also  the  stigma  which  stands  between  the  two  pairs  of  anthers ;  the 
stigma  smears  the  entering  proboscis  with  viscid  matter  in  the 
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young  flower,  and  receives  pollen  from  it  in  the  old.  Delpino 
considers  that  the  brown  colour  of  the  broad  superior  stamens  is  a 
device  to  guide  insects  that  have  alighted  on  the  flower  towards  the 
pollen.  His  view  that  the  flower  is  fertilised  by  Sphingidfe  and 
Bombylidse  is  opposed  to  this,  for  these  insects  seek  honey  only. 
Species  of  AnUiophora,  which  Delpino  thinks  may  possibly  be  also 
fertilisers,  are  likewise  scarcely  fitted  to  reach  the  pollen  of 
Brovsallia  (178,  360). 

My  toother  Fritz  Uuller  tells  me,  in  a  letter  dated  November 
10, 1869,  that  he  finds  in  the  allied  genus  Franziscea  (Brun/elaia) 


nover  of  FVaiuiKea,  ttom  tt^jahj.    Half  ot  tUo  catdDa  uid  two  atunoii^  EiavG  been  reiaoved, 
B,  uthen;  il,  BllEmii ;  ^.  itib. 
,  Ttic  dotted  line  iDdlcsl«ii  th«  ]uth  which  the  Intect'B  ptoboiPte  miiBt  take  to  reach  Iha  honc}-. 


a  structure  similar  to  that  described  by  Delpino  for  Browallia.  A 
handsome  species  of  Franziscea-,  occurs  at  Itajahy.  Id  this  there 
are  two  lateral  entrances  to  the  tube,  but  between  them  the 
throat  of  the  corolla  is  blocked,  not  by  a  valve  formed  by  the 
stamens  (valvola  staminale,  Delpino),  but  by  the  style  which  bends 
forward  to  apply  itself  to  the  anterior  wall  of  the  corolla. 

Schizanthus,  Rz.  and  P. — The  two  stamens  are  inclosed  by  the 
lower  lip,  and  spring  up  when  an  insect  settles  on  the  latter  :  the 
stigma  is  at  first  shorter  than  the  stamens,  but  after  they  have 
burst  free  it  lengthens  and  projects  beyond  them,  so  as  to  be  now 
the  first  part  touched  by  an  insect-visitor  (346). 
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Obd.  SCROPHULARINEjE, 

317.  Verbascum  nigrum,  L. — The  long  yellow  racemes  are 
very  striking,  and  the  flowers  are  made  still  more  conspicuous  by 
the  orange-red  anthers  and  violet  hairs  upon  the  filaments.  The 
plant  is  visited  by  very  various  species  of  insects. 

I  sought  repeatedly  for  honey  without  success,  and  had  come  to 
the  conclusion  that  the  flower  contained  none.  On  July  28,  1871, 
however,  towards  evening,  T  saw  a  small  moth,  Ephedia  eltUdla, 
Hubn.,^  busy  sucking  very  assiduously  on  the  flowers  of  a  plant  of 
this  species  in  my  room.  Standing  on  a  petal,  it  thrust  its 
proboscis  down  between  two  stamens^  into  the  short  tube,  and 
applied  it  to  various  parts  of  the  inner  wall  of  the  corolla.  After 
spending  a  considerable  time  on  one  flower,  it  rolled  up  its  proboscis 
and  flew  off  to  another.  It  continued  these  operations  for  some 
minutes,  and  therefore  certainly  found  honey;  and  the  next 
morning  I  found  in  many  flowers,  but  not  in  all,  minute  drops 
of  honey  adhering  to  the  smooth  inner  surface  of  the  tube.  The 
flowers  afi*ord  a  large  quantity  of  orange-red  pollen,  accessible  to 
all  insects ;  and  I  observed  that  in  the  case  of  St/rphus  Icdtcaius 
the  violet  clavate  hairs  form  a  third  attraction. 

The  position  of  the  parts  of  the  flower  makes  cross-fertilisation 
in  case  of  insect-visits  not  inevitable  but  exceedingly  likely,  while 
in  absence  of  insects  self-fertilisation  easily  occurs.  The  short  tube 
widens  out  into  a  flat,  five-lobed  limb,  which  takes  up  an  almost 
vertical  position:  the  inferior  lobe  is  the  longest,  and  the  two 
superior  are  shorter  than  the  lateral  lobes,  so  that  an  insect  settles 
most  conveniently  upon  the  inferior.  The  stamens  project  almost 
horizontally,  but  curve  slightly  upwards  firom  the  tube,  and  diverge 
slightly  from  one  another ;  they  alternate  with  the  petals,  and  again 
the  superior  is  the  shortest  and  the  two  inferior  longer  than  the 
lateral.  The  anthers,  which  stand  close  together,  dehisce  along 
their  outer  edge,  covering  themselves  almost  completely  with 
orange-red  pollen.  The  style  is  shorter  than  the  inferior  stamens, 
and  bent  down  slightly  below  them.  An  insect  standing  on  the 
inferior  petal  generally  touches  the  knobbed  stigma  first,  on  its  way 

^  Named  for  me  by  my  friend  Dr.  Speyer,  of  Rhoden. 

^  Just  between  each  pair  of  stamenfi,  the  central  part  of  the  corolla  bears  a 
chestnut-brown  spot.  Spreneel  (702,  p.  122)  considered  these  spots  to  be  honey- 
p;iiides,  though  he  could  find  no  honey  in  the  flowers  My  discovery  of  honey 
confirms  his  view. 
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to  the  anthers ;  and  thus  cross-fertilisation  is  favoured,  though  stigma 
and  anthers  ripen  together.  In  absence  of  insects,  self-fertilisation 
is  possible,  as  the  stigma  frequently  stands  in  the  line  of  fall  of 
the  pollen. 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Bombus  agrorum,  F.  9 ,  s. ;  (2) 
B.  terrestris,  L.  J ,  s.  and  cp. ;  (3)  Andrena  pilipes,  F.  ? ,  c.p. ;  (4)  Prosopis 
dgnata,  Pz.  $ ,  f.p. ;  (5)  P.  communis,  Nyl.  $ ,  f.p.  B.  Diptera — (o)  Bomby- 
lidce :  (6)  Systoechus  sulforeus,  Mik.,  s.  ;  (6)  SyrphicUz :  (7)  Syrphus  balteatus, 
Deg.,  f.p.  and  licking  the  staminal  hairs  :  (8)  Eristalis  arbustorum,  L.,  do.  ; 
(9)  Syritta  pipiens,  L.,  do.  C.  Lepidoptera — Microlepidoptera  :  (10)  Ephestia 
elutella,  Hiibn.,  s.  D.  Coleoptera — NiUdulida:  (11)  Meligethes,  ab.  fK 
Thysanoptera  ;  (12)  Thrips,  ab.  F.  Nenroptera  ;  (13)  Panorpa  communis,  L., 
licking  various  parts  of  the  flower. 

318.  Verbascum  ph(ENICEUM,  L. — The  structure  of  the  flower 
agrees  with  that  of  the  preceding  species,  but  I  have  hitherto  failed, 
as  Sprengel  also  did,  to  discover  any  honey ;  I  have  never  seen  any 
insect  sucking  on  this  flower.  I  once  saw  Andrena  fulva,  Schrank, 
$ ,  insert  its  proboscis  into  three  or  four  flowers  and  then  immedi- 
ately withdraw  it ;  it  then  flew  away,  having  doubtless  failed  to 
find  anything. 

Visitors  :  A.  Hymenoptera — Apida :  (1)  Apis  mellifica,  L.  9 ,  cp. ;  (2) 
Bombus  muscorum,  L.  § ,  cp.  ;  (3)  Andrena  dorsata,  K.  9  >  c.p.  ;  (4)  A.  fulva, 
Schrank,  ? ,  vainly  seeking  honey  ;  (5)  Halictus  sexnotatus,  K.  $ ,  cp., — I 
could  see  clearly  how  this  bee  loosened  the  pollen  with  its  mandibles,  and 
swept  it  with  the  tarsal  brushes  on  its  fore  and  midlegs  into  the  collecting 
hairs  on  its  hindlegs.  B.  Diptera — SyrphidcB :  (6)  Khingia  rostrata,  L.,  very 
ab.,  f.p., — I  have  often  seen  a  specimen  of  this  fly  on  almost  every  flower,  eating 
pollen,  and  also  licking  the  staminal  hairs. 

319.  Verbascum  Thapsus,  L.  : — 

Visitors  :  A.  Hymenoptera — (a)  Apidce ;  (1)  Apis  mellifica,  L.  §  ;  (2)  Bom- 
bus Scrimshiranus,  K.  9  ;  (3)  B.  hortorum,  L.?  5  ;  (4)  Halictus  smeathmanellus, 
K.  $ ,  all  cp.  ;  (5)  H.  cylindricus,  F.  <J  ;  (6)  Andrena  parvula,  K.  ^ ,  both  of 
these  seemed  to  be  sucking  ;  (b)  Sphegida :  (7)  Polistes  gallica,  F.  ?  (Thur.), 
seemed  also  to  be  sucking.  B.  Diptera — Syrphidof :  (8)  Helophilus  floreus,  L.  ; 
(9)  Syritta  pipiens,  L.  ;  (10)  Ascia  podagrica,  F.,  all  three  f.p. 

Verbascum  Lychnitis,  L. — I  saw  this  species  in  Thuringia,  visited 
by  species  of  Halictus  collecting  pollen,  and  by  Diptera  and 
Coleoptera  (590,  ni.). 

Darwin,  in  Forms  of  Flowers,  shows  that  V,  Thapsus  and 
V,  Lychnitis  readily  produce  hybrids  in  a  state  of  nature  ;  and  that, 
.since  these  hybrids  are  absolutely  barren  and  the  self-fertilised 
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plants  fairly  fertile,  in  this  case  insects-visits  by  promoting 
hybridisation  do  harm. 

According  to  Delpino,  the  Verbascums  are  adapted  for  pollen- 
collecting  bees,  which,  clinging  to  the  hairs  on  the  stamens,  clear 
the  pollen  off  the  anthers  and  fly  rapidly  to  another  flower.  I 
agree  with  this  view,  and  look  upon  it  as  the  most  plausible 
explanation  of  the  hairy  stamens.  But  from  my  own  observations 
it  is  clear  that  the  small  pollen-feeding  bees  (Prosopis)  and  Syrphidcc 
are  very  frequently  the  fertilisers  of  this  genus.  Delpino  goes  too 
far  in  saying  that  the  flowers  of  Verbascum  are  adapted  solely  for 
bees  {esclvMvamente  mdittojili),  and  that  the  visits  of  all  other  insects 
are  accidental  and  without  significance  (178,  ii.,  pp.  296-298). 

Calceolaria  pinnata,  L. — Each  of  the  two  anthers  is  modified,  as 
in  Salvia  pratensis,  into  a  lever,  of  which  one  arm  bears  a  pollen- 
less  anther-lobe  and  stands  in  the  mouth  of  the  corolla.  When  this 
arm  is  touched  by  an  insect,  it  causes  the  other,  the  pollen-bearing 
lobe,  to  shed  its  pollen.  Self-fertilisation  may  take  place  in  the 
falling  off  of  the  corolla  (352). 

320.  LiNARiA  VULGARIS,  Mill. — The  flowers  which  I  have 
examined  do  not  agree  in  all  points  with  Sprengel's  description. 
Honey  is  secreted  by  the  base  of  the  ovary,  which  is  especially 
prominent  anteriorly,  opposite  the  lower  lip.  As  a  rule  the  honey 
does  not,  as  Sprengel  thought,  leave  the  tip  of  the  spur  empty, 
flowing  down  at  intervals  in  large  drops  which  cannot  reach  the 
bottom  for  the  air  contained  there  ;  but  it  glides  in  a  smooth,  narrow 
groove,  bordered  by  short,  stiff  hairs,  which  passes  from  the  nectary 
between  the  two  anterior  stamens,  and  thence  to  the  tip  of  the  spur, 
which  it  fills  to  a  depth  of  5  or  6  mm.  or  even  more.  In  several 
hundred  flowers  which  I  examined,  I  found  two  which  corresponded 
in  this  point  with  Sprengels  description,  so  it  seems  probable  that 
he  based  his  account  upon  an  abnormal  specimen. 

The  adjacent  sides  of  the  two  inferior  stamens  are  closely  beset 
with  pointed  processes  at  their  base,  which  protect  the  honey  from 
short-lipped  insects,  when  such  succeed,  as  ants  frequently  do,  in 
entering  the  flower.  The  hairs  bordering  the  groove  protect  the 
honey  in  like  manner  from  insects,  and  also  help  to  keep  it  in  its 
course ;  the  length  of  the  spur  would  be  of  no  advantage  unless 
the  honey  were  strictly  confined  to  it 

The  length  of  the  spur  (10  to  13  mm.)  excludes  short-lipped 
bees  from  the  honey,  and  flies  and  beetles  are  prevented  from 
entering  the  flower  by  the   tumid  lower   lip,  which    completely 
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closes  the  tube ;  by  these  characters  the  flower  becomes  exclusively 
adapted  for  those  most  diligent  of  fertilising-agents,  the  long- 
proboscised  bees.  The  palate  of  the  lower  lip  is  of  a  bright  orange 
colour,  forming  a  "pathfinder";  guided  by  this,  the  bee  presses 
down  the  lower  lip,  and  creeps  so  far  into  the  tube  as  to  be  able  to 
thrust  its  head  into  the  wide  part  of  the  spur  and  then  reach  the 
honey.  In  doing  this,  the  back  of  the  bee  comes  in  contact  with 
the  anthers  and  stigma ;  these  are  matured  simultaneously,  and  the 
stigma  lies  between  the  shorter  and  longer  pairs  of  stamens,  so  that 
the  bee  can  bring  about  both  cross-  and  self-fertilisation.  Probably, 
if  pollen  from  another  and  from  the  same  flower  are  applied  to  the 
stigma,  the  former  outstrips  the  latter.  In  absence  of  insects,  self- 
fertilisation  is  possible.     The  visitors  consist  exclusively  of  bees. 

Visitors  :  Hymenoptera — (a)  Apidcc :  (!)  Apis  mellifica,  L.  § ,  very  ab. 
To  suck,  it  creeps  almost  entirely  into  the  flower  and  thrusts  its  head  into  the 
wide  entrance  of  the  spur,  which  it  empties  down  to  a  depth  of  2 — 3  mm.  It 
creeps  out  again  with  its  back  covered  with  pollen,  and  proceeds  more  fre- 
quently to  flowers  at  the  same  height  on  neighbouring  plants  than  to  higher 
flowers  on  the  same.  In  other  cases  I  have  seen  the  honey-bee  bite  a  hole  in 
the  spur,  and  empty  it,  as  Sprengel  describes.  Sprengel  has  correctly  described 
its  behaviour  while  collecting  pollen  :  "  It  slightly  separates  the  lower  lip  of  the 
corolla  from  the  upper,  and  thrusts  its  head  so  far  in  as  to  reach  the  anthers 
and  obtain  their  pollen."  (2)  Bombus  terrestris,  L.  $ ,  sucking  normally.  It 
inserts  its  head,  thorax,  and  forelegs,  into  the  flower,  then  thrusts  its  proboscis 
(7 — 9  mm.)  almost  to  the  tip  of  the  spur,  and  emerges  with  the  upper  surface 
of  its  head,  pro-  and  meso-thorax  thickly  covered  with  pollen.  Sometimes  it 
sweeps  off  part  of  this  pollen  with  the  brushes  on  its  fore  and  midlegs,  and 
places  it  on  the  hindlegs.  Sprengel's  idea  that  the  large  humble-bees  do  not 
enter  the  mouth  of  the  flower  is  accordingly  erroneous.  (3)  Bombus  hortorum, 
L.  $  5  ^^cl  (J .  I  have  very  frequently  seen  this  bee  empty  the  flowers  of  their 
honey,  which  it  cau  do  more  quickly  owing  to  the  length  of  its  proboscis 
(17 — 21  mm.)  than  the  preceding  species.  Even  the  males  sometimes  swept  the 
pollen  off  their  heads  with  their  forelegs,  and  always  had  a  number  of  pollen- 
grains  on  all  their  tarsal  brushes  ;  (4)  Megachile  maritima,  K.  ^J  (8 — 9),  s.  ; 
(5)  Osmia  aenea,  L.  9  (9 — 10),  repeatedly,  s.  and  c.p. ;  (6)  0.  leucomelaena,  K. 
(parvula,  Duf.),  9  (2i),  c.p.  ;  (7)  Anthidium  manicAtum,  L.  9  cf  (9 — 10),  ab., 
both  s.  and  ( 9 )  c.p.  ;  (8)  Andrena  Gwynana,  L.  9  (2i),  c.p.  ;  (6)  Fomiicida  : 
(9)  Various  species,  ab.,  s. 

Delpino  observed  Lhiaria  vulgaris  fertilised  by  the  hive-bee  and 
by  Bombus  italicus  (172). 

Lindria  alpina,  Mill,  is  likewise  adapted  for  humble-bees,  but  is 
visited  by  Lepidoptera  also  (609). 

Linaria  minor,  Desf.,   is   very  rarely   visited   by  insects,   and 
fertilises  itself  regularly  (590,  ill). 
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Linaria  Cytnbahtria,  Mill,  is  visited  chiefly  by  bees  (590,  ill.). 
Cleistogamic  flowers  occur  in  Linaina  according  to  Michalet  (524) 
and  Kuhn  (399). 

321.  Antirrhinum  majus,  L. — This  plant  differs  from  Linaria 
vulgaris  (1)  in  the  much  greater  size  of  its  flowers,  into  which  our 
largest  hunable-bees  can  enter  bodily,  (2)  by  its  more  firmly  closed 
entrance,  which  excludes  the  smaller  bees,  (3)  in  its  nectaries  and 
honey  receptacles. 

The  honey  is  secreted,  as  Sprengel  suggested,  by  the  smooth, 
green,  fleshy  base  of  the  ovary,  whose  upper  part  is  paler  in  colour 
and  covered  with  fine  hairs ;  but  it  does  not  flow,  as  Sprengel 
thought,  down  into  the  short  spur — which  is  hairy  within,  and  for 
that  reason  unfitted  to  be  a  honey-receptacle,  but  it  remains  ad- 
herent to  the  nectary  and  to  the  base  of  the  anterior  stamens.  The 
short  wide  spur  permits  the  insect's  proboscis  to  reach  the  honey 
from  below ;  above  and  in  front  it  is  protected  by  a  thick  fringe  of 
stiff,  knobbed  hairs  on  the  angles  of  the  anterior  stamens. 

The  flowers  are  fertilised  chiefly  by  humble-bees,  of  which  I 
have  observed  the  following  species  :  (1)  Bomhis  hortorum,  L. ; 
(2)  B.  terrestris,  L. ;  (3)  B,  agroi^m,  F.  ;  (4)  B,  silvarum,  L. ; 
(5)  B,  lapidariics,  L.  The  females  and  workers,  and  in  late  summer 
the  males  also,  creep  bodily  into  the  flower,  and  creep  out  backwards 
dusted  on  their  backs  with  pollen.  From  time  to  time  they  brush 
off  the  adhering  pollen  from  their  thorax  with  the  tarsal  brushes 
of  the  fore  and  midlegs,  and  from  the  abdomen  with  the  tarsal  brushes 
of  the  hindlegs.  Not  only  the  females  and  workers,  but  the  males 
also,  perform  this  action,  which  seems,  therefore,  to  be  done  more  for 
cleanliness  than  to  collect  the  pollen,  though  the  females  and  workers 
naturally  make  use  of  it,  placing  it  in  the  pollen-baskets  on  their 
hindlegs.  I  have  also  seen  Anthidium  manicatum,  L.  ? ,  Megachile 
fasciata,  Sm.  c?,  and  Osinia  rufa,  L.  ?,  creep  into  the  flower  and 
emerge  with  their  backs  covered  over  with  pollen.  Smaller  bees 
only  exceptionally  creep  into  still  fresh  flowers,  and  are  useless  to 
the  plant :  I  have  only  once  seen  Megachile  centuncularis,  L.  ? , 
succeed  in  entering ;  on  the  other  hand  I  have  repeatedly  seen 
small  species  of  Halictiis  {H,  scnulus,  Sm.  ? ,  ff.  viorio,  F.  ? ,  J7. 
Smeathinanellus,  K.  ?)  flying  from  flower  to  flower  until  they 
reached  an  old  flower,  which  in  withering  had  opened  slightly  and 
pennitted  them  to  enter.  This  showed  clearly  how  far  the  fast 
closure  of  the  mouth  is  useful  to  the  plant;  if  the  small  bees 
could  enter  from  the  first,  they  would  use  up  much  of  the  honey, 


434  THE  FERTILISATION  OF  FLOWEBS.         [part  hi. 

and  the  Sowers  would  be  less  diligently  visited  by  the  bumble- 
bees. 

Dr.  Ogle  found  that  Antirrhinum  produced  no  seed  when 
protected  from  insects  by  a  tent  of  gauze  (632), 

MauTMidia,  Ort.,  Ckelone,  L.,  and  Pentatettton,  L'Her.,  are,  ac- 
cording to  Delpino,  [ffoterandrous,  the  style  coming  to  occupy  the 
place  of  the  stamens.  In  the  two  last  genera,  the  stamens  are 
broad,  fleshy,  and  hollowed  out  at  the  base  to  secrete  and  lodge  the 
honey.  Pentstmiwn  Ls  fertilised  by  Bombits,  ATUhidium,  and  Apis. 
(178,  360).  The  position  of  the  fifth  stamen  in  Ftntstemon  and 
its  frequent  partial  or  complete  abortion  has  been  discussed  by 
Dr.  Ogle  (632).  A  very  thorough  account  of  the  floral  mechanism 
oi  Pentstcmon  is  given  by  Errera  (230). 

332.  ScROPauLA.BlA  NODOSA,  L. — In  most  Lamiales  and  Fer- 
sonales  the  anthers  lie  in  two  pairs,  one  behind  the  other,  and 
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touch  aa  insect- visitor  on  the  dorsal  surface ;  the  stigma  then,  to  in- 
sure cross- fertilisation,  mu^t  also  touch  the  insect  on  the  back,  and 
the  style  can  scarcely  lie  elsewhere  than  between  the  two  pairs  of 
stamens,  along  the  upper  part  of  the  corolla.  The  superior  stamen 
comes  in  the  way,  and  accordingly  disappears ;'  it  has  no  chance  of 
reappearing  permanently,  for  it  is  directly  injurious,  and  is  weeded 
out  by  natural  selection.  I  have  only  once  found  a  flower  of 
Cf.  Dr.  Ogle,  No.  631,  [..  51. 
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Lamium  album  with  five  stamens ;  the  upper  lip  was  absent,  and 
the  fifth  stamen,  which  stood  behind  the  other  four,  was  well 
formed,  but  shorter  than  the  others. 

In  Scrophularia,  on  the  other  hand,  the  anthers  come  in  contact 
with  the  ventral  surface  of  the  insect.  The  fifth  stamen  is  thus 
useless,  but  not  injurious ;  whether  it  be  present  or  absent  is  of  no 
importance,  and  it  is  therefore  beyond  the  influence  of  natural 
selection.  Accordingly,  the  small  black  scale-like  appendage  on  the 
upper  wall  of  the  corolla  in  Scrophvlaria  (c,  1,  2,  3),  which  repre- 
sents the  fifth  stamen,  shows  not  unfrequently  more  or  less  com- 
plete reversion  to  its  primitive  form  (4-7,  Fig.  146).  The  more 
completely  it  approaches  its  typical  form,  the  more  perfect  also  are 
the  pollen-grains  which  it  bears ;  thus  in  the  anther  ^•,  4,  not  half  of 
the  pollen-grains  attained  the  normal  size  (f  ^  mm.  in  diameter) ; 
most  of  them  were  much  smaller  (|^J  mm.)  and  shrunken ;  in  the 
anther  k,  7,  only  a  few  pollen-grains  fell  short  of  the  normal  size. 
In  exceptional  cases  the  anther  even  dehisces,  and  lets  part  of  its 
pollen  escape. 

The  flowers  of  Scrophularia  are  remarkable  for  being  speci- 
ally  visited   by   wasps.      The   wide    globular    corolla    is    about 
5  mm.  in  diameter,  and  in  its  base,  near  the  superior  side,  two 
large  drops  of  honey  may  be   seen,  which  are   secreted   by  the 
yellowish  base  of   the  ovary.     Wasps  visit  the  flowers  in   great 
numbers ;  clinging  with  all  six  legs  to  the  outside  of  the  flower, 
with   the  abdomen  applied  to  it  below,  they  easily  insert  their 
heads  between  the  upper  and  lateral  lobes  of  the  corolla  and  reach 
the  honey  with  very  little  loss  of  time.^     In  young  flowers  they 
touch  the  stigma,  and  in  old  flowers  the  anthers  with  the  under- 
side  of  the   head    and    of  the  pro-  and  meso-thorax,   and    thus 
regularly   fertilise   younger   flowers   with    the    pollen   of   old,   as 
Sprengel  showed.     Severin  Axell's  doubts  regarding  the  possibility 
of   proterogynous   dichogamy  in   entomophilous   flowers   may  be 
easily  refuted  by  observing  Sa'ophularia  in  flower  in  the  open  air. 
For,  as  Sprengel  showed  and  as  I  have  repeatedly  observed,  flowers 
aie  constantly  to  be  seen  whose  stigmas  are  covered  with  pollen, 
but  whose  anthers  are  still  unripe  and  hidden  within  the  corolla. 
Sprengel  is  wrong  in  saying  that  fertilisation  can  only  be  eflfected 
by  insects.      The  stigma,  when  supplied  with  pollen  by  insects, 
bends  down  over  the  lower  lip  and  withers,  while  the  anthers  ripen 
and  project  beyond  the  lower  border  of  the  corolla ;  but  in  absence 
of  insects,  as  I  have  frequently  seen  in   plants  flowering  in  my 

*  Si'c  Sprengel  (702),  Title-page,  fig.  xxv. 
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room,  the  stigma  remains  fresh  and  outstretched,  while  the  anthers 
dehisce  immediately  above,  letting  part  of  their  pollen  fall  upon  it. 
I  have  likewise  observed  on  plants  in  my  room  that  such  self-fertili- 
sation regularly  produces  capsules  filled  with  well-formed  seeds. 
In  long-continued  cold  and  wet  weather,  when  neither  wasps  nor 
bees  are  about,  all  the  capsules  of  Scrophularia  are  well  filled. 

In  sunny  weather  cross-fertilisation  never  fails,  for  all  our  wasps, 
except  V.  Crahro,  are  frequent  visitors. 

According  to  Mr.  A.  S.  Wilson,  wasps  on  Scrophularia  begin  at 
the  top  of  the  inflorescence  and  proceed  downwards ;  so  that  here 
the  crossing  of  separate  plants  i^  insured  just  as  it  is  in  proterand- 
rous  plants  with  elongated  inflorescences  {e,g,  Labiatae),  where  the 
fertilising-agents  (bees)  proceed  from  below  upwards  (778). 

Hymenoptera — (a)  Vesptda :  (1)  Vespa  vulgaris,  L. ;  (2)  V.  rufa,  L. ;  (3) 
V.  germanica,  F. ;  (4)  V.  media,  Deg. ;  (5)  V.  holsatica,  F.,  all  s.,  very  ab ; 
(Jb)  Apidcd :  (6)  Bombus  agrorum,  F.  ?  § ,  s.,  scarce  ;  (7)  Halictus  sexnotatus, 
K.  ? ,  8.  and  c.p. ;  (8)  H.  zonulas,  Sm.  (J ,  s.  ;  (9)  H.  flavipes,  F.  (J ,  s.  See 
also  No.  590,  III. 

Scrophularia  aqxMjUica,  L. — The  floral  mechanism  and  the  insect- 
visitors  are  similar  to  those  of  S,  nodosa  (590,  iii.). 

Scrophularia  occurs  with  cleistogamic  flowers  (Kuhn,  No.  399). 
The  most  thorough  account  of  the  fertilisation  of  Sci^ophviaria  is 
given  by  Mr.  W.  Trelease,  who  also  gives  a  r4s^tiii4  of  the  special 
literature  (737). 

Collinsia  bicolor,  Bth.,  and  C.  vema,  Nutt — In  these  flowers  the 
stamens  and  style  lie  near  the  lower  side  of  the  flower ;  the  fifth 
stamen,  modified  into  a  honey-gland,  and  the  honey-receptacle, 
which  consists  of  a  pouch  near  the  base  of  the  corolla,  are  on  the 
upper  wall.  The  flower  imitates  very  closely  the  Papilionaceous 
type,  even  to  the  production  of  alae,  vexillum,  and  carina. 
(Delpino,  No.  178).  In  absence  of  insects,  the  flowers  fertilise 
themselves,  and  are  fertile  to  their  own  pollen  (360). 

Mimulus  luteus,  L.  {M,  guttatu^y  D.C.) — Bees  entering  the  flower 
touch  first  the  inferior  lobes  of  the  stigma,  which  cover  up  the 
anthers.  Immediately  afterwards  the  stigmatic  lobes  fold  up  and 
expose  the  anthers  to  be  touched  by  the  bee,  which  thus  becomes 
dusted  with  fresh  pollen  (Batalin,  No.  38). 

The  case  of  M.  Tillingii  is  quite  similar  (Behrens,  No.  49). 

Glossostigma  elatinoides,  according  to  Cheeseman,  has  a  similarly 
irritable  stigma  (132). 

Mimtdus  {Diplacus)  glutinosus,  Wendl.,  var.  /3  {D.  punic^tcs, 
Nutt.),  behaves  in  the  same  manner  (Hildebrand,  No.  352). 
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Vandellui,  L,,  has  cleistogamic  flowers  (399). 

323.  DIGITALITIS  PUBPUBEA,  L. — Honey  is  secreted  by  an 
annular  ridge  surroundiDg  the  base  of  the  ovary  (a,  1,  2,  Fig.  147)* 
This  ridge  is  not  '  covered  thickly  with  short  hairs '  as  Spreogel 
described  it,  but  is  perfectly  smooth ;  the  ovary  only  becomes  hairy 
ahove  the  ridge. 

The  anthers  and  stigma  lie  jKiinting  downwards  near  the  upper 
wall  of  the  corolla.  The  longer  stamens  are  ripe  before  the  shorter 
ones,  and  these  before  the  stigma.     The  dimensions  of  the  flower 
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suggest  that  it  is  adapted  for  humble-bees,  for  no  other  native 
insects  are  large  enough  to  tOHch  the  stigma  and  anthers  with 
their  backs  when  creeping  into  the  tube ;  and,  ns  a  matter  of  fact, 
humb!e-bocs  are  the  only  fertilisers  of  the  Foxglove,  Sprengel,  on 
the  title-page  of  his  work,  represents  B.  terrestris,  ? ,  creeping  into 
tliis  flower.  When  bees  frequent  the  plant  abundantly,  all  the  four 
anthers  are  emptied  of  their  pollen  before  the  stigmatic  lobes 
(/',  1,  Fig.  147)  separate.  In  absence  of  humble-beca,  the  anthers 
remain  covered  with  pollen  until  the  stigmatic  lobes  have 
spread  apart ;  and  then  when  the  corolla  falls  off  this  pollen  is 
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brought  in  contact  with  the  stigma,  or  some  may  even  have  fallen 
on  the  stigma  previously.  The  flowers  almost  always  bear  seed, 
even  in  long-continued  rainy  weather,  and  therefore  it  is  probable 
that  self-fertilisation  is  effective ;  Hildebrand's  experiments  are  no 
evidence  of  the  contrary,  for  he  only  showed  that  the  stigma  before 
opening  is  incapable  of  fertilisation  (342).  The  large,  widely-open 
flowers,  naturally  receive  many  unbidden  and  useless  guests.  If  the 
plant  is  thus  at  a  disadvantage  in  compaiison  with  Antirrhinum, 
it  has  at  least  the  advantage  of  letting  its  fertilising  agents  do  their 
work  more  quickly,   visiting  more  flowers  in  a  given  time. 

Visitors  :  A.  Hymenoptera — Apidoi :  (1)  Boiiibus  terrestris,  L.  ?  ;  (2) 
B.  hortorum,  L.  ?  ;  (3)  B.  agrorum,  F.  ? ,  all  three  ab.,  s. ;  (4)  Andrena  coitana, 
K.  9  (Sid.),  ab.,  c.p. ;  (5)  Halictus  cylindricus,  F.  ? ,  ab.,  c.p.  B.  Coleoptera 
— (a)  Nitidulidoi :  (6)  Meligethes,  very  ab. ;  {b)  Cryptophagidtz  :  (7)  Anthero- 
phagus  pallens,  01.,  scarce ;  (c)  Malacodermaia :  (8)  Dasytes.  The  last  five 
are  quite  useless  visitors. 

Digitalis  lutea,  L.,  is  fertilised  by  Bomhas  hortorum,  L.,  which 
can  only  insert  its  head  into  the  corolla  (609). 

Digitalis  ambigtca,  Murr.  (D.  grandijlora,  Lam.),  is  fertilised  by 
humble-bees,  which  creep  bodily  into  the  corolla.  The  flower  is 
proterandrous,  and  bees  begin  at  the  base  of  the  raceme  and  pro- 
ceed upwards  (590,  III. ;  609). 

324.  Veronica  Cham^drys,  L. — Honey  is  secreted  by  a 
yellowish  fleshy  disk  below  the  ovary,  and  lies  in  the  base  of  the 
tube  sheltered  from  rain  by  hairs  on  the  corolla.  The  flowers  are 
rendered  conspicuous  by  their  bright  blue  colour,  and  by  associa- 
tion in  racemes ;  dark  blue  radiating  lines  and  a  central  white  spot 
on  the  limb  of  the  corolla  guide  insects  towards  the  honey.  The 
anthers  and  stigma  ripen  together ;  the  style  points  obliquely 
downwards  in  front  of  the  anterior  (inferior)  petal,  the  two  stamens 
diverge  on  either  side,  and  stand  opposite  to  the  lateral  petals ; 
fertilisation  can  therefore  only  be  effected  by  the  aid  of  insects. 
The  anterior  petal  forms  the  most  convenient  landing-place,  and 
the  stigma  is  usually  touched  before  the  anthers  by  the  ventral 
surface  of  the  insect.  The  insect  next  tries  to  cling  to  the  en- 
trance of  the  short  tube  with  its  forelegs,  and  in  doing  so  it 
catches  hold  of  the  thin,  flexible  bases  of  the  stamens  :  quite 
unintentionally  it  draws  the  stamens  inwards  beneath  it,  and  dusts 
its  ventral  surface  with  pollen.  The  thinning  of  the  style  at  its 
base  is  another  adaptation  towards  this  plan  of  cross-fertilisation, 
for  it  insures  that  the  stigma  shall   be  touched  by  the  ventral 
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surface  of  the  insect,  and  allows  of  the  style  being  so  slightly  in- 
clined that  its  presence  does  not  interfere  with  the  insect  when 
alighting.  An  insect  alighting  on  one  of  the  lateral  petals  some- 
times draws  the  stamen  opposite  to  this  petal  against  its  body,  but 
with  far  less  certainty.     The  chief  visitors  are  Syrphidce, 

Visitors :  A.  Diptera — Syrphidte ;  (1)  Rhingia  rostrata,  L.,  s.,  freq. ;  (2) 
MelanoBtoma  mellina,  L.  ;  (3)  Ascia  podagrica,  F.,  both  very  abundant  I 
repeatedly  saw  both  effecting  cross-fertilisation  in  the  manner  described.  B. 
Hymenoptera — Apidce  :  (4)  Apis  mellifica,  L.  9  >  c.p.  ;  (5)  Andrena  Gwynana, 
K.  ?  ;  (6)  A.  fulvicrus,  K.  ?  ;  (7)  Halictus  longulus,  Sm.  9 ,  the  last  three 
both  s.  and  cp.  C.  Coleoptera — Cisfelidw:  (8)  Cistela  nifipes,  F.,  devouring 
the  anthers.    See  also  No.  590,  iii.,  and  No.  609. 


Fio.  US.— Veronica  Chamccdryi,  L 

1.— Flower,  viewed  from  the  front. 

2.— Small  fly  {A»eia  podagrica.  Syrphidoj)  hovering  In  front  of  the  flower,  attracted  by  Its  colour. 
S— Flower  ot  the  moment  when  the  fly,  alighting  on  the  inferior  petal,  grasps  the  hoses  of  tlie 
fllnnicnls,  nnd  strikes  the  anthers  together  against  the  under  surface  of  its  body. 
4.— Cciitre  of  the  flower,  twice  as  much  enlarged. 
5. — Pistil  and  nectary. 
«.-  Calyx,  with  pistil  and  nectary. 
7.— Tube  in  longitudinal  section, 
•d,  protecting  hairs ;  pr,  style. 

Veronica  urtidfolia,  L.,  has  a  similar  floral  mechanism  to  that  of 
V.  Chamccdrys,  and  is  likewise  fertilised  by  Syrphidce.  The  honey 
is  quite  exposed  without  any  contrivance  to  shelter  it.  The  flowers 
arc  rose-pink,  which  is  probably  a  more  primitive  colour  than 
blue  both  in  Veronica  and  in  Myosotis  (589,  609). 

Veronica  montana,  L.,  is  more  conspicuous  and  more  abundantly 
visited  by  insects  than  V.  Chamcedi^s  (590,  609). 

825.  Veronica  Beccabunga,  L. — This  species  agrees  with  V. 
Chamadrys  in  regard  to  its  nectaries  and  also  in  the  means  adopted 
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for  stieltermg  and  pointing  out  the  honey.  It  differs  from  it  only 
in  certain  apparently  trivial  points,  viz.  in  the  development  and 
position  of  the  style  and  stamens : — yet  these  apparently  trifling 
differences  greatly  influence  the  mode  of  fertilisation  and  the 
possibility  of  self-fertilisation  in  the  absence  of  insects. 

When  the  flower  opens,  the  stigma  is  already  well-developed  ; 
it  is  provided  with  long  papillee,  and  capable  of  holding  fust  pollen 
applied  to  it.  The  anthers  still  remain  closed.  The  stamens  and 
style  project  forwards  in  a  straight  line  from  the  flower  and  afford  a 
standing-place  for  insects.  In  cold,  windy,  or  rainy  weather  the 
flowers  only  open  partially,  and  the  anthers  remain  in  contact  with 
the  stigma,  leading  to  regular  self-fertilisation.  In  warm  sunshine 
the  petals  expand  widely,  coming  to  lie  almost  in  one  plane ;  the 
stamens  are  caused  thereby  to  diverge  more  and  more,  and  the 
anthers  are  thus  removed  to  a  distance  from  the  stigma  before 
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dehiscing.  Insects  frequent  the  plant  in  consiiierablo  numbers. 
The  most  abundant  visitor  is  a  small  species  of  Syrphiilfe,  St/ritla 
jii^)i>H.t,  L. ;  hovering  backwrunls  and  forwiirda  in  its  jerky  flight 
before  the  flowers,  it  suddenly  alights  on  one;  sometimes  it 
settles  on  the  projecting  style  and  stamens,  which  K'nil  bcnenth  its 
weight,  nnd  croejis  forward  a  step  or  two  in  onler  to  tlinist  its 
pnilxweis  (3  miu,  long)  into  the  tube  {I  mm.) ;  sometimes  it  alights 
on  the  anterior  or  on  one  of  the  lateral  petals,  and  pulls  down  one  of 
the  stamens  with  its  forefeet  until  it  can  reach  ilie  pollen  with  its 
l>n>l.x>seis.  It  thus  brings  varioiis  pjirts  of  its  boiiy  in  contact  with  the 
anthers  anil  stigmn,  and  i»erf>irms  sometimes  cross- fertilisation,  some- 
times self -fertilisation.  Most  usually  cniss-ffrtilisition  results,  fortlre 
nsect  alighting  on  the  projecting  style  anil  stamens  usually  touches 
the  sti;,!ma  with  the  ventjra!  surface  of  its  boily,  already  diist<^  with 
jxiUen.     A  smaller  species  of  SyrphidiP,  Asi'iit  jtudogru-n.  F.,  visits 
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the  flowers  very  abundantly  and  in  a  similar  way.      All  other 
visitors  come  as  stragglers. 

A.  Diptera — (a)  Syrph'uUe :  (1)  Syritta  pipiens,  L. ;  (2)  Ascia  podagrica, 
F.  ;  (5)  Eristalis  sepulcralia,  L.,  s.  and  f.p. ;  (6)  Muscidce :  (4)  Scatophaga 
stercoraria,  L.,  s.  and  f.p.,  also  several  small  Muscidse.  B.  Hymenoptera — 
Apidce:  (5)  Apis  mellifica,  L.  §, s. ;  (6)  Andrena  parvula,  K.  ?,  s.  and  c.p. ; 
(7)  Halictus  sexstrigatus,  Schenck,  ^ ,  s.  and  c.p. 

326.  Veronica  officinalis,  L. — The  flowers  do  not  open  so 
widely  even  in  warm  sunshine  as  do  those  of  V,  Chamo^rys,  In 
fully  expanded  flowers  the  upper  and  lower  petals  only  diverge  at 
an  angle  of  70°  to  80°,  and  the  two  lateral  petals  at  90°  to  100°. 
The  two  stamens,  which  are  very  thin  at  the  base,  project  from  the 
flower  at  an  angle  of  30°  to  40°  from  one  another,  and  from  the 
style  which  stands  below  them.  Insect-visitors  touch  the  stamens 
and  stigma  with  various  parts  of  their  bodies,,  and  lead  tp  cross- 
and  self-fertilisation  indiscriminately.  In  flowers  kept  in  the  house 
and  protected  from  insects,  the  stamens  bend  inwards  and  down- 
wards as  they  begin  to  wither  until  they  touch  each  other  and  the 
stigma,  producing  self-fertilisation.  The  thinning  at  the  base  of 
the  stamens,  which  in  V.  Chamcedrys  was  shown  to  assist  insects  to 
perform  cross-fertilisation,  is  here  seen  to  aid  self -fertilisation  only. 

A.  Diptera — (a)  Empid<e :  (1)  Empis  livida,  L.,  s.,  ab. ;  {h)  Syrphidce : 
(2)  Helophilus  floreus,  L.,  s.  ;  (3)  Syritta  pipiens,  L.,  ab.,  s.  B.  Hymenoptera 
— Apidce :  (4)  Halictus  albipes,  F^  c.p.  ;  (5)  Bombus  (Apathus)  vestalis, 
Fourc.  ? ,  8.  ;  (6)  B.  Barbutellus,  K.  ? ,  s., — this  large  bee  seemed  dissatisfied 
with  the  small  amount  of  honey,  for  after  visiting  a  few  flowers  it  went  off  to 
Glethonm  hederacea.     See  also  No.  609. 

327.  Veronica  spicata,  L.  (Thuringia).-^  F.  spicaia  shows  a 
remarkable  tendency  to  vary  between  proterandrous  and  pro- 
terogynous  dichogamy.  On  many  plants,  the  style  protrudes 
before  the  flower  is  fully  opened  (6,  4),  and  curves  downwards 
and  ripens  its  stigma  before  the  anthers  dehisce  (6,  5).  On  other 
plants,  when  the  flower  opens,  the  style  is  much  shorter  than 
the  stamens  (6,  1,  2),  and  only  reaches  its  full  length  and 
ripens  its  stigma  when  the  anthers  have  been  emptied  of  their 
pollen  (6,  3). 

On  plants  of  both  sorts,  flowers  not  unfrequently  occur  whose 
styles  never  reach  their  full  development,  but  remain  concealed  in 
the  tube ;  and  on  some  plants  this  is  the  case  throughout  all  the 
flowers.  These  aborted  styles  are  often  double  (h,  8).  Honey  is 
secreted  by  the  fleshy  base  of  the  ovary  (A,  6,  7) ;  it  lies  in  the 
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tabe  of  the  corolla,  which  ib  about  2  to  3  mm,  long,  and  is  sheltered 
from  rain  by  a  ring  of  long  stiff  hairs  at  the  mouth  of  the  tube. 
In  case  of  insetit-visits,  cross-fertilisation  is  insured  by  the  proter- 
andious  or  proterogynous  condition,  and  by  the  situation  of  the 
stigma  which  projects  beyond  the  anthers.     I  have  never  observed 
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self-fertilisation,  though  it  may. now  nnd  then  take  place  by  pollen 
falling  on  the  stigma. 

Visitors  t  Hymenoptera— (a)  Apidii ;  (I)  Apis  mellificft,  L,  (?,  c,p.,  or  ». ; 
it  even  IhniHtB  its  pioboscie  into  the  lowest,  oldest  flowers  whose  corullcc 
have  fallen  off;  (£)  Proflopia  communis,  Nyl.  ?(J,  s-i  (*>)  Sphtgida : 
(3)  Psammopliila  viatica,  L.  (J,  b.  ;  (4)  CereenB  labialn,  F.  $  J,  nb.,  s,  j  (5) 
C.  naauta,  Kl.  a. 

Near  Bozeu  according  to  GerstScker,  V.  spicata  is  visited  chiefly 
by  species  of  Xyloeopa  {X.  violacea,  L.,  X.  cyaiuscens,  BnilliS,  X. 
valga,  Gerst.), 


328.  Veronica  hedeR£FOLIA,  L. — The    small,  solitary,  pale 

flowers  are  less  conspicuous  than  those  of  any  other  species  described 
here  ;  they  are  very  seldom  visited  by  insects,  but  almost  without 
exception  bear  good  seed,  an^  the  species  is  one  of  the  commonest  of 
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its  genus.  The  presumption  that  this  results  from  self-fertilisation 
is  increased  by  watching  the  plant  when  protected  from  insects. 
When  the  flower  opens,  the  anthers  are  seen  to  have  already  de- 
hisced, and  to  have  their  pollen-covered  surfaces  applied  to  the 
stigma.  I  have  myself  observed  that  when  insects  are  excluded 
the  plant  regularly  bears  good  seed. 

The  honey  is  secreted  and  sheltered  as  in  F.  Chamcedrys;  the 
stamens  are  however  not  thinned  at  their  bases.  Even  in  case  of 
insect-visits,  cross-fertilisation  is  not  rendered  more  probable  than 
self-fertilisation ;  but  when  it  does  occur,  its  action  probably  has 
the  mastery. 

I  have  only  seen  this  flower  visited  by  insects  occasionally  in 
the  first  sunny  days  of  spring ;  later  in  the  season,  the  competition 
of  other  flowers  causes  it  to  be  neglected. 

Visitors:  Hymenoptera — Apida :  (1)  Andrena parvula,  K.  9,8.  ;  (2)  Ha- 
lictus  nitidiusculus,  K.  ?  ;  (3)  H.  leucopus,  K.  ?  ;  (4)  H.  albipes,  F.  ? ,  all 
three  rather  abundant,  sucking  on  a  small  slope  where  few  other  plants  were 
in  tlower  (April  11,  1869). 

Veronica  agrestiSj  L.,  possesses  the  same  floral  mechanism  as 
V.  Chamccdrys,  but  in  an  imperfect  or  rather  in  a  retrograde 
condition  (590,  ill.). 

329.  Veronica  serpyllifolia,  L. — The  flowers  are  rendered 
more  conspicuous  than  those  of  V.  hederccfolia,  by  dark  violet  lines 


Fio.  m.^Veroniea  $erpyUi/olia,  L. 

1  —Flower,  front  view. 

2.— Diagram  of  <lltto 

a,  Btiguia ;  6,  stamen ;  e,  petal ;  d,  sepal. 

on  the  superior  and  lateral  petals.  They  are  doubtless  more 
visited  by  insects,  and  more  frequently  cross-fertilised ;  and  accord- 
ingly self-fertilisation  does  not  take  place  at  so  early  a  stage. 

In  many  flowers,  the  anthers  are  at  first  closed,  while  the  stigma 
is  fully  ripe;  in  this  condition,  insect-visits  naturally  lead  at 
once  to  cross-fertihsation.  In  most  flowers,  on  the  other  hand, 
the  stigma  and  anthers  ripen  together;  the  anthers  stand  more 
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or  less  close  above  and  at  the  sides  of  the  stigma,  turning  their 
pollen-covered  faces  towards  it;  in  many  cases  they  stand  so 
close  that  the  pollen  in  being  forced  out  is  directly  applied  to 
the  stigma. 

On  plants  which  I  kept  in  my  room,  I  have  seen  Calliphora 
erythrocephala,  Mgn.  (Muscidae),  sucking  honey  and  fertilising  the 
flowers.  It  thrust  its  proboscis  several  times  into  each,  and  there- 
fore  where  anthers  and  stigma  had  ripened  together,  it  performed 
cross-  and  self-fertilisation  indifiFerently. 

V.  saxatilis,  Sep.  {V,  fruticans,  Jacq.).— The  small,  but  brightly 
coloured  flowers  of  this  plant  are  fairly  conspicuous,  and  secrete 
abundant  honey.  The  visitors  are  numerous,  and  the  mechanism 
of  fertilisation  is  the  same  as  that  of  V,  Chamcedi'ys, 

V.  bellidioides,  L.,  has*  no  trace  of  the  special  adaptations  for 
cross-fertilisation  that  V.  Chamcedrys  shows.  Insect-visitors  are 
scarce,  and  cross-fertilisation  can  only  take  place  if  they  happen  to 
touch  the  stigma  and  anthers  with  different  parts  of  their  bodies. 

V.  alpina,  L. — The  tiny  flowers  are  very  rarely  visited  by 
insectiS,  and  in  dull  weather  they  remain  closed  and  fertilise 
themselves.^ 


REVIEW  OF  THE  GENtJS  VERONICA. 

In  this  genus,  as  in  Polygonum,  Geranium,  and  others,  the  cer- 
tainty of  cross-fertilisation  in  case  of  insect-visits,  and  the  abandon- 
ment of  the  power  of  self-fertilisation  even  in  absence  of  insects, 
run  parallel  with  the  conspicuousness  of  the  flowers  and  the  con- 
sequent certainty  of  their  being  visited.  The  chief  species  that 
we  have  discussed  may  be  arranged  in  the  following  order  of 
conspicuousness,  taking  into  account  the  appearance  of  the  whole 
inflorescence : — (1)  V.  spicata,  (2)  V.  (Jliamccdrys,  (3)  V,  officinalis, 
(4)  V,  Beccahcnga,  (5)  V.  serpt/Ilifolia,  (6)  V.  ludercpfolia.  In 
case  of  insect-visits,  cross-fertilisation  is  rendered  absolutely  certain 
in  the  first,  and  extremely  probable  in  the  second  of  these,  but  in 
all  the  rest  self-fertilisation  is  just  as  likely.  In  absence  of  insects, 
on  the  other  hand,  self-fertilisation  never  or  very  rarely  takes  place 
in  the  first  and  second  ;  in  the  third  it  occurs  regularly,  but  only 
when  the  flower  withers;  in  the  fourth,  it  regularly  takes  place  in 

^  Lists  of  visitors  to  the  following  additional  species  of  Veronica  are  given  in  my 
WeiUre  Beobaehtungcn,  Pt.  ill.:  V.  Anagnllia^  L.,  V.  triphyllos,  L.,  V.  arrensiSf  L. ; 
and  the  following  are  discussed  and  figured  in  my  Alpcnblumen :  V.  alpina^  L., 
V.  aphylla,  L.,  V,  heUidurideSy  L.,  V,  saxaliHs,  Sep. 
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dull  weather  while  the  flower  is  still  freab ;  in  the  fifth  it  occurs  in 
many  flowers,  and  in  the  sixth  in  all,  at  the  very  outlet.  The 
honey  is  secreted  and  guarded  in  much  the  same  manner  in  ail  six 
species,  and  so  the  likelihood  of  insect-visits  can  only  depend  upon 

the  conspicuousnesa  of  the  flowers. 

Wulfenia   carinthiaca,  Jacq.,   is    proterogynous   (Hildebrand, 

No.  351)-  .  .         ..  ■ 

Sarisia  alpma,  L.,  is  proterogynous,  and  is  fertilised  hy  humble- 
bees.  The  stigma  and  anthers  have  the  same  relative  positions  as  in 
RkiiuiTUhv^  major  (Fig.  156).    Self-fertilisation  is  impossible  (609). 

330,  Odontites  serotina,  Rchb,  (0.  nihra,  Pers.,  Eupkrasia 
Odontites,  L.), — Honey  is  secreted  by  the  lower  parts  of  the  ovary, 
which  is  smooth,  and  swollen  anteriorly  {h,  6),  while  the  upper  part 
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is  hairy  :  it  is  lodged  in  the  base  of  the  corolla,  whose  tube  is  4  to 
5  mm.  long,  and  smooth  within ;  the  broad  stamens,  which  almost 
block  the  entrance  of  the  tube,  guard  it  from  rain,  and  two  to  four 
purple  spots  at  the  base  of  the  lower  lip  serve  as  guides  towards  it. 
The  stamens  almost  touch  each  other  below,  where  they  are 
covered  on  their  inner  sides  with  sharp  points ;  close  under  the 
anthei's  they  are  smooth  and  lie  more  widely  apart,  A  bee,  after 
alighting  on  the  three-lobed  under-lip,  which  aflbrds  a  convenient 
landing-place,  can  only  thrust  its  proboscis  into  the  flower  close 
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below  the  anthers,  in  the  position  A,  2,  and  in  doing  so  it  cannot  fail 
to  touch  the  downward-pointing  ends  of  some  of  the  anthers.  The 
four  anthers  are  held  together  posteriorly  by  matted  hairs  (e,  5), 
and  anteriorly  dehisce  from  the  apex  inwards  (5,  Fig.  152)  by  a 
wide  fissure  ;  so  that  a  single  touch  on  the  part  of  the  bee  is  com- 
municated to  all  the  anthers,  and  causes  them  all  to  shed  a  part  of 
their  dry,  dusty  pollen.  Hairs  directed  downwards  at  the  edges 
of  the  anthers  (/,  5)  prevent  the  pollen  being  scattered  at  the  sides, 
so  that  great  part  falls  on  the  bee's  proboscis,  and  is  carried  to  the 
stigma  of  another  flower. 

The  development  of  the  floyrer  of  Odontites  serotina  varies  in  a 
peculiar  manner,  and  seems  to  depend  upon  the  more  or  less 
sunny  nature  of  the  spot.  The  style  bearing  the  fully-developed 
stigma  usually  projects  far  out  of  the  bud  shortly  before  it  expands 
(1,  Fig.  152),  and  the  flower  can  therefore  be  cross-fertilised  when 
it  is  scarcely  open.  In  shady  places,  for  instance  among  com,  the 
style  lags  behind  while  the  corolla  and  stamens  continue  to  gi*ow, 
so  that  the  stigma  stands  between  the  taller  anthers  and  gets  self- 
fertilised  (2,  Fig.  152).  From  the  great  productiveness  of  all  the 
capsules  in  shady  places  where  insect-visits  are  rare,  we  may  con- 
clude that  such  self-fertilisation  is  eflScient.  In  sunny  spots  the 
style  continues  to  grow  along  with  the  corolla  and  stamens,  and 
overtops  the  anthers  to  the  last ;  it  may  either  lie  above  the  latter 
(3,  Fig.  152)  or  project  at  the  side  (4,  Fig.  152).  In  this  case,  the 
stigma  can  only  receive  pollen  by  the  aid  of  insects,  and  from  other 
(either  older  or  younger)  flowers.  Although  this  difference  seems 
in  general  to  depend  upon  the  sunny  or  shady  character  of  the 
spot,  other  unknown  conditions  (perhaps  heredity)  must  co-operate ; 
for  I  have  sometimes  observed  in  the  same  spot,  and  even  on  the 
same  plant,  flowers  which  fertilised  themselves,  and  others  incapable 
of  doing  so. 

An  imperfection  in  the  flowers  deserves  special  mention.  The 
upper  lip,  as  the  figure  shows,  projects  so  slightly  that  the  anthers 
in  great  part  protrude  beyond  it  and  are  unprotected.  This  is 
sometimes  the  case  to  such  a  degree  that  bees  thrust  their  tongues 
into  the  flower  above  the  stamens,  and  thus  suck  honey  and  shake 
out  the  pollen  without  leading  to  fertilisation. 

I  have  only  seen  bees  visiting  this  plant. 

(1)  Apis  mellifica,  L.  9 »  very  ab.,  tlirusting  its  proboscis  into  tlie  flower 
usually  below  the  stamens,  but  sometimes  above  them, — it  inserts  its  proboscis 
even  into  young  unexpanded  flowers,  with  long  exserted  styles  ;  (2)  Bombus 
lapidarius,  L.  9  § ,  s.  ;  (3)  B.  sil varum,  L.  ?  9  >  »*• 
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331.  Odontites  lutba,  Rchb.  (Rehmberg,  near  Muhlberg, 
Tliuringia). — Honey  is  secreted  by  the  smooth  lower  half  of  the 
ovary,  which  is  hairy  above;  it  lies  in  the  base  of  the  corolla- 
tube,  which  is  2^  mm.  long,  and  is  smooth  within,  but  provided  with 
reflexed  hairs  at  its  mouth.  The  stamens  stand  apart,  but  from 
the  small  size  of  the  flower  they  are  all  easily  touched  at  the  same 
time  by  an  insect ;  there  is  no  provision  of  hairs  to  prevent  scatter- 
ing of  the  pollen ;  the  slits  by  which  the  anther-lobes  dehisce  are 
narrower  than  in  Euphrasia  officinalis.  The  style  often  protrudes 
from  the  bud  (3,  Fig.  153),  and  Hildebrand  describes  the  flower  as 
proterogynous ;  in  other  cases  it  is  bent  backwards  in  the  bud, 
under  the  lower  lip,  and  emerges  together  with  the  stamens  on 
the  opening  of  the  flower.     The  stigma  comes  to  maturity  at  tlie 


Fio.  \i&,—OdontiU$  luUa,  Rchb. 

1.— Flower,  from  the  side  ( x  8J  . 
2. — Ditto,  ftrom  the  ftvnt. 
3. — Bud,  firom  the  side. 
4. — Anther. 


same  time  as  the  anthers,  and  stands  below  and  in  front  of  them ; 
it  is,  therefore,  usually  touched  first  by  insect- visitors.  In  ab- 
sence of  insects,  some  pollen  generally  falls  upon  the  stigma.  I 
have  only  once  (August  28,  1869)  seen  a  bee,  Bomlus  mtisconcm, 
L.  i} ,  sucking  honey  on  the  flower. 

Euphrasia  minima,  Schleich.,  is  sparingly  visited  by  insects,  and 
in  their  absence  it  fertilises  itself  regularly.  The  flower  resembles 
in  structure  the  small-flowered  form  of  E.  officinalis  (i,c,  E.  gracilis, 
Jord.)  (609). 


332.  Euphrasia  officinalis  (L.),  Schk. — Honey  is  secreted 
and  sheltered  as  in  Odontites  scrotinxi.  The  tube  of  the  corolla  is 
4?  to  6  mm.  long,  but  widens  considerably  at  the  outer  end  ;  so  that 
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Ml  insect  with  a  proboscis  less  than  i  mm.  long  can  reach  the 
honey  by  thrusting  its  head  into  the  wide  part  of  the  tube. 

The  upper  lip  forms  a  vaulted  roof  over  the  stamens ;  it  shelters 
the  honey  at  the  base  of  the  tube  from  rain,  and  prevents  an  in- 
sect's proboscis  from  being  thrust  in  above  the  stamens,  as  was 
possible  in  Odontites  serotina.  The  three-lobed  ander-lip  forms  u 
convenient  landing-place  for  the  smaller  visitors,  and  affords  foot- 
hold for  the  forelegs  of  larger  ones.  An  orange  spot  on  the  under 
lip,  another  at  the  entrance  of  the  tube,  and  dark  violet  lines  con- 
vei^ng  towards  the  mouth  on  both  upper  and  lower  lips,  serve  as 


.— IXUo, 

,  lUgniB :  b,  nppci 
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pathfinders.  As  in  Odontites  serotina,  the  pollen  is  Emooth  and 
powdery,  and  falls  on  the  head  or  proboscis  of  the  visitor ;  but  the 
details  of  the  process  by  which  the  pollen  is  scattered  are  unlike 
those  of  the  former  species.  While  in  OdotUiUs  scrotiita  the 
anthers  are  only  held  together  posteriorly  by  matted  hairs,  in  £. 
officinalis  the  lower  anther-lobe  of  the  upper  stamen  on  each  side 
coheres  with  the  upper  anther-lobe  of  the  lower ;  and  the  two 
superior  anthers  further  cohere  firmly  together.  Another  peculi- 
arity is  dbectly  connected  with  this.     While  in  Odontites  lerotina 
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all  the  anther-lobes  end  alike  in  short  points,  in  E,  officinalis  the 
upper  lobe  of  each  anther  is  blunt,  but  the  lower  is  provided  with 
a  thin,  stiff  spine  (3,  Fig.  154).  Of  these  four  spines  it  is  almost 
exclusively  the  two  lower  ones  that  come  in  contact  with  insects; 
for  not  only  are  they  much  longer  than  the  upper  ones,  but  the 
stamens  which  bear  them  are  inclined  at  an  angle  of  about  60"* 
from  the  upper  pair,  and  their  anthers  bend  downwards  so  much 
that  the  spines  stand  well  down  in  the  mouth  of  the  flower  (1, 
Fig.  154).  In  Odontites  scrotirut  the  pointed  anther-lobes  must 
themselves  be  touched  for  the  pollen  to  be  shaken  out,  and  the 
broad  filaments,  placed  close  together  and  set  with  sharp  points  on 
their  inner  side,  insure  this.  In  E.  officinalis,  on  the  other  hand, 
it  is  sufficient  if  one  of  the  long  spines  on  the  lower  anthers  be 
touched,  and  accordingly  the  filaments  curve  widely  apart,  standing 
close  to  the  wall  of  the  corolla;  and  they  are  smooth  and  narrow, 
so  that  an  insect  can  insert  its  head  into  the  tube  without  hindrance. 
In  doing  so  it  touches  the  lower  anther-spines,  and  shakes  the  whole 
system  of  anthers,  causing  the  pollen  to  fall  out.  Rows  of  hairs 
on  the  upper  anther-lobes  prevent  the  pollen  from  being  scattered 
at  the  sides,  and  insure  its  falling  on  the  head  of  the  insect. 

In  the  points  described  hitherto  all  my  specimens  of  E,  officinalis 
agree  with  one  another.  But  in  regard  to  the  size  and  conspicu- 
ousness  of  the  flowers,  and  the  possibility  of  self-fertilisation,  I 
have  found  two  different  forms  of  this  plant — one  large-flowered, 
which  never  fertilises  itself,  and  one  small-flowered,  which  in 
absence  of  insects  fertilises  itself  regularly.  Intermediate  forms 
may  probably  occur,  but  were  not  present  among  my  specimens. 

In  the  large-flowered  form  (4,  Fig.  154),  probably  E.  montana, 
Jord.,  the  stigma  protrudes  from  the  flower  before  the  anthers  are 
ripe,  and  even  after  the  anthers  are  ripe  it  is  the  first  part  to  be 
touched  by  insect-visitors,  and  is,  therefore,  regularly  cross-fertilised ; 
in  absence  of  insects,  it  is  incapable  of  self-fertilisation. 

In  the  small-flowered  form,  probably  E.  gracilis,  Jord.  (1, 
Fig.  154),  when  the  flower  opens,  the  stigma  stands  so  far  above 
and  behind  the  anthers  that  it  escapes  being  touched  by  insects  ; 
the  style  gradually  elongates  and  carries  the  stigma  downwards 
and  forwards  into  a  position  where  it  will  be  touched  before  the 
anthers  by  an  insect's  head,  and  where,  in  absence  of  insects, 
pollen  can  fall  from  the  upper  anthers  upon  it. 

Thus  in  case  of  insect-visits  cross-fertilisation  is  insured  in  both 
forms,  but  in  absence  of  insects  self-fertilisation  is  only  possible  in 
the  small-flowered  plants. 

G  G 
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Delpino  (17S)  seems  to  have  examined  the  large-flowered  form 
only,  and  Axell  (17)  the  small-flowered ;  for  the  former  describes 
E.  officinalis  as  proterogynous,  and  the  latter  as  proterandrous. 

Visitors:  A.  Hymenoptera — Apida:  (1)  Bombus  agrorum,  F.  f}  ;  (2)  B. 
pratorum,  L.  9  >  (3)  Apis  mellifica,  L.  9  ;  (4)  Nomada  lateralis,  Pz.  ? ,  all  s. 
B.  Diptera — (a)  Bombylidce:  (5)  Systoechus  sulfureus,  Mik.  (Sid.)  ;  (6)  Syr- 
phida :  (6)  Syrphus  sp. ;  (7)  Melithreptus  taeniatus,  Mgn.,  all  s.  Additional 
lists  of  visitors  to  the  large-flowered  form  are  given  in  No.  590,  in.,  and 
No.  609. 

Euphrasia  salidmrgeiisis,  Funck. — The  flowers  resemble  in  size 
the  small-flowered  form  of  E,  officinalis,  and  their  arrangements 
for  cross-fertilisation  resemble  the  large-flowered  form  of  that 
species.  The  corolla  continues  to  grow,  carrying  forward  the 
stamens  after  the  style  has  stopped  growing,  and  in  absence  of 
insects  self-fertilisation  takes  place  in  the  end.  The  visitors  arc 
bees  and  Lepidoptera  (609). 

333.  Pedicularis  SILVATICA,  L.— In  this  plant,  as  in  Rhinan- 
thus  and  Melampyrum,  the  opposite  pairs  of  anthers  lie  with  their 
edges  close  together, — and  all  four  unite  to  form  a  quadrangular 
pollen-receptacle  (3,  Fig.  155)  which  is  inclosed  in  the  hooded  upper 
lip.  The  mechanism  by  which  pollen  is  shed  upon  the  insect- 
visitor  is  here  more  complex  and  more  rich  in  adaptations  than 
ever,  and  more  difficult  to  understand  in  its  details  without  direct 
observation  of  its  action.  Sprengel  (702)  and  Hildebrand  (346), 
neither  of  whom  observed  insects  in  the  act  of  fertilising  the 
flower,  have  very  naturally  overlooked  many  of  its  most  interesting 
adaptations.  Dr.  Ogle  (632),  who  watched  the  flowers  in  the  open 
air  and  saw  them  visited  by  humble-bees,  gives  an  accurate 
account  of  the  process  of  cross-fertilisation  ;  but  many  adaptations 
have  escaped  even  his  notice,  and  some  he  has  interpreted 
wrongly.  It  is  therefore  still  worth  while  to  describe  the  whole 
structure  of  the  flower  minutely. 

Honey  is  secreted  by  the  green,  fleshy  base  of  the  ovary,  and 
lies  at  the  bottom  of  the  tube,  which  is  10  to  14  mm.  long,  laterally 
compressed,  and  so  narrow  that  a  humble-bee  can  only  insert  the 
forepart  of  its  Ijead.  At  the  height  of  10  to  14  mm.  the  tube 
divides  into  an  upper  lip,  which  both  in  form  and  in  direction  is 
simply  a  continuation  of  the  tube,  slightly  wider  and  open  in 
front,  and  an  under  lip,  whose  base  (3  to  5  mm.  long)  is  applied 
to  the  upper  lip  so  as  to  close  up  the  lower  3  to  5  mm.  of  the 


r  III.] 


THE  MECHANISMS  OF  FLOWERS. 


mouth  of  the  flower.  The  hooded  end  of  the  upper  lip  incloses 
the  stamena,  and  the  end  of  the  style  with  the  stigma  protrudes 
obliquely  downwards  from  it;  the  free  portion  of  the  under  lip 
with  its  three  lobes  serves  as  a  standing-place  for  insects,  and  is 
set  very  obliquely,  so  that  the  right  lobe  stands  2  to  8  mm.  higher 


I  by  the  appoaltlon  of  the  lower  Kp  ;  d.  rsiolnte  edge  of  the  apper 
lip.  ist  Kith  iceth^  I,  vid'Ht  put  nf  the  moutb  Into  whlcb  Ihs  bee  inurti  lU  hud  iiiid  piobwdai 
/,  the  bend  whtirh  ainTannita  the  unthcn ;  i.  pendulnni  tip  of  the  bgod ;  h,  ridge  apon  Uie  ilde  of 


than  the  left  (1,  Fig.  155).  If  the  under  Up  is  pulled  down  as  &r 
as  the  place  of  its  attachment,  the  mouth  of  the  flower  is  seen  to 
form  a  fissure  8  to  10  ram.  long,  which  in  the  greater  part  of  its 
length  is  only  1  to  2  mm.  broad,  but  which  3  mm.  below  its  upper 
end  widens  out  suddenly  to  a  breadth  of  4  mm.  (e,  t,  1) ;  it  then 

o  a  2 


452  THE  FEKTILISATION  OF  FLOWERS.         [pabt  hi. 

again  norrows  suddenly,  and  a  little  more  than  1  mm.  from  its 
upper  end  two  sharp  processes  of  the  hood  {g,  1,  2)  almost  meet 
in  the  middle  and  divide  the  entrance  into  a  very  small  upper  and 
a  long  lower  part.  Through  the  upper  opening  protrudes  the 
style,  which  springing  from  the  bilocular  ovary  lies  close  to  the 
posterior  wall  of  the  corolla,  and  curves  sharply  downwards  near 
its  anterior  end  to  bear  the  capitate  stigma;  the  long,  lower 
opening  admits  the  bee's  head.  So  long  as  this  slit  is  only  1  to  2 
mm.  broad,  viz.,  from  the  insertion  of  the  under  lip  to  the  wider 
part  above,  its  edges  are  very  markedly  rolled  outwards,  and  that 
part  of  the  inner  wall  of  the  corolla  which  is  brought  by  this 
evolution  of  the  edge  to  form  the  margin  of  the  narrow  slit  is 
closely  set  with  sharp  points  (rf,  1,  2,  4),  while  the  wider  portion 
(e,  1)  has  smooth  edges.  There  is  also  on  each  side  of  the  upper 
lip  a  reddish  thickened  band  (A,  2),  which  begins  on  a  level  with 
the  wide  part  of  the  slit  at  the  upper  end  of  the  evoluted  edges 
(g),  and  forming  a  sharp  angle  with  the  ridge  runs  backwards  and 
downwards  to  disappear  on  a  level  with  the  base  of  the  under  lip. 

What  have  all  these  characters,  the  compressed  base  of  the 
under  lip,  the  oblique  position  of  its  three-lobed  lamina,  the 
evoluted  edge  of  the  narrow  entrance,  its  rough  edges,  the  sudden 
enlargement  with  its  smooth  edges,  the  red  stripes  at  the  sides 
of  the  upper  lip,  to  do  with  fertilisation  by  humble-bees?  Are 
they  accidents  to  be  neglected,  as  is  done  by  Hildebrand  in  his 
figures  in  the  Botanische  Zeitung  (18G6,  pi.  iv.)  and  by  Dr.  Ogle 
in  the  Pojndar  Science^  Review  (Jan.  1870)  ?  Careful  observation 
of  an  insect  visiting  the  flower  makes  me  think  otherwise.  The 
bee  comes  flying  along  with  outstretched  proboscis,  and  avoiding 
the  toothed  edges  of  the  slit,  thrusts  its  proboscis  at  once  in 
alighting  into  the  widest  part  of  the  opening  {f,  1) ;  the  upper  part 
of  its  head  then  touches  the  stigma,  which  stands  scarcely  2  mm. 
above  the  wide  part  of  the  opening,  and  the  oblique  position 
of  the  lower  lip  causes  the  bee's  head  also  to  be  placed  obliquely ; 
its  forefeet  gi^asp  the  .basal  part  of  the  lower  lip,  its  middle  pair 
of  feet  grasp  the  tube  of  the  flower  on  a  level  with  the  lower  lip, 
and  the  hindfeet  rest  upon  leaves  or  other  flowers  below.  Standing 
in  this  position,  the  bee  applies  its  head,  which  is  2J  to  3  mm. 
thick  and  5  mm.  broad,  to  the  (4  mm.)  wide  part  of  the  entrance, 
with  just  so  much  obliquity  as  gives  it  the  best  chance  of  entering. 
And  now  the  edges  of  the  slit,  rolled  outwai'ds  and  thereby  stiffened 
(d,  1,  2),  and  the  bands  on  the  upper  lip  (A,  2),  play  their  part. 
Joining  above  at  a  sharp  angle,  they  bound,  on  each  side  of  the 
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upper  lip,  a  triangular  surface,  which  does  not  bend,  but  gets 
pushed  outwards  by  the  bee*s  head.  But  the  points  where  the 
evolute  edges  and  the  thickened  bands  meet  are  on  each  side  of 
the  wide  part  of  the  opening,  and  as  they  separate  more  and  more 
from  one  another,  the  superior  angle  {e,  g,  e,  1)  of  the  small  part 
of  the  entrance  above  this  will  be  very  greatly  enlarged,  for  the 
sides  bounding  it  are  very  short,  and  are  forced  apart  as  much 
as  the  long  sides  of  the  lower  opening.  The  small  processes  (j/,  1,  2) 
which  before  nearly  met,  and  which  held  together  the  two  h^-lves 
of  the  pollen-receptacle,  are  forced  apart;  the  anthers,  which  have 
a  tension  outwards  in  consequence  of  the  peculiar  curvature  of 
their  filaments  (l\  I,  3),^  are  freed  from  the  force  that  held  them 
together  below,  while  they  remain  fastened  together  above ;  they 
therefore  flap  apart,  and  let  a  little  pollen  fall  on  the  bee's  head, 
exactly  on  the  spot  which  came  in  contact  with  the  stigma  scarce 
a  second  before.  The  pollen  is  saved  from  being  scattered  at  the 
sides  by  vertical  hairs  on  the  longer  stamens  (/,  3),*  which  cover 
the  space  between  the  upper  and  lower  anthers  on  each  side,  and 
project  slightly  beyond  the  lower  edges. 

Bainhns  hortonun,  L.  ?  (20  to  21  mm.),  needs  to  thrust  its  head 
a  very  little  way  down  after  inserting  it  into  the  wide  entrance ; 
but  the  shorter  a  bee's  proboscis  is  the  more  must  it  force  its 
head  down  in  the  upper  lip,  and  if  there  is  not  space  enough  above 
the  platform  of  the  lower  lip,  the  latter  can  be  pressed  down 
3  to  4  mm.,  as  far  as  b,  2;  so  that  bees  with  a  proboscis  only 
10  mm.  long  may  reach  the  honey.  When  the  bee  flies  away,  the 
lower  lip  springs  back  into  its  former  position,  and  the  whole 
mouth  of  the  flower  resumes  its  original  state. 

The  flower  is  in  this  way  adapted  for  all  our  native  species 
of  Bomhis  and  Anthaphora,  except  B,  terresti^is  and  small  workers 
of  a  few  other  species;  but  the  length  of  the  tube  excludes  all 
smaller  bees,  which  if  the  tube  were  shorter  might  carry  off  the 
honey  without  touching  the  stigma;  the  hooded  upper  lip  guards 
the  pollen  from  flies  and  othei  insects;  but  the  tube  is  liable 
to  be  bitten  through  and  robbed  of  its  honey  by  some  humble- 
bees.^     Such  robbery  does  little  or  no  harm,  for  bees  still  visit 

^  I  liave  never  noticed  the  anthers  adhering  at  all  to  the  inner  surface  of  the 
corolla,  as  Dr.  Ogle  describes.  Such  an  adhesion,  if  it  exists,  must  be  very  slight 
indeed. 

'^  According  to  Dr.  Ogle  (No.  632,  p.  46),  the  lower  anthers  are  held  together  by 
the  pressure  of  these  hairs  upon  the  wall  of  the  corolla.  To  act  in  this  way  the 
hairs  would  have  to  be  directed  obliouely  outwards.  They  are  not  so,  but  lie  parallel 
to  the  median  vertical  plane  of  the  nower. 

>  Dr.  Ogle  is  mistaken  in  thinking  (No.  632,  p.  180)  that  the  wide  calyx  is  suffi- 
cient to  protect  Pedicularii  iilvatiea  from  robbery  on  the  part  of  short-tongued  bees. 
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in  a  legitimate  manner  flowers  which  have  been  bitten  through 
and  robbed. 

The  power  of  self-fertilisation  has  been  completely  lost. 

Visitors  :  Hymenoptera — Apid(e  :  (1)  Anthophora  retusa,  L.  <^  (16 — 17)  ; 
(2)  Bombus  hortorum,  L.  ?  (20—21)  ;  (3)  B.  agronim,  F.  (12—15)  ;  (4)  B. 
lapidarius,  L.  9  (12—14) ;  (5)  B.  silvarum,  L.  ?  (  12—14)  ;  (6)  B.  Scrim- 
ehiranus,  L.  ?  (10),  all  sucking  normally,  very  ab., — B.  Scrimshiranujs  L.  ^ 
(9),  bites  through  the  corolla  close  above  the  calyx,  and  so  reaches  the  honey  ; 
(7)  B.  terrestris,  L.  $  (7 — 9),  very  ab.,  only  reaching  the  honey  by  biting, — 
once  I  saw  it  gnawing  the  upper  lip,  above  the  anthers. 

Pedicularis  rostrata^  L.,  P.  verticillata,  L.,  P.  tuherosa,  L.,  were 
seen  by  Ricca  to  be  visited  by  humble  bees  (665).  On  the  Alps, 
I  have  observed  in  addition  to  these  three  species,  P.  palustris,  L., 
P.  recutita,  L.,  P,  asplenifoliu,  Floerkc,  and  P,folwsa,  L.  (609).  In 
P.  verticUlata,  the  calyx  is  swollen,  and  the  lower  part  of  the 
corolla-tube  is  bent  at  right  angles  within  the  calyx ;  the  honey 
is  thus  guarded  from  Bomhis  m^rui^atus,  which  tries  in  vain  to 
reach  it,  and  which  frequently  bites  through  the  tubes  of  P.  tuberosa 
and  P.  foliom,  etc. 

The  six  species  of  Pedicidaris  which  grow  in  Nova  Zembla  are 
all  fertilised,  in  Delpino*s  opinion,  by  Bomhus  terrestris,  and  so  also 
is  P.  Kami,  which  is  found  in  lat.  79^  on  the  west  coast  of  Green- 
land (172,  352).  If  this  is  really  the  case,  all  those  species  must 
have  a  shorter  tube  than  P.  silvatica. 

334.  Rhinanthus  crista-galli,  L. — In  this  plant,  as  in  the 
foregoing,  the  dry  smooth  pollen  is  shed  on  the  insect's  head,  but 
the  details  of  the  mechanism  are  very  different.  Each  anther  lies  so 
close  to  its  opposite  neighbour,  and  they  dehisce  so  widely  on  their 
opposed  faces,  that  both  together  form  one  pollen-reservoir,  closed 
in  by  matted  hairs  with  which  the  contiguous  edges  of  the  anthers 
are  provided  (1,  2,  Fig.  156).  These  pollen-reservoirs  are  borne 
on  stiflf  filaments,  of  which  the  anterior  pair  are  close  together  at 
their  bases,  and  are  beset  with  sharp  points  on  their  inner  sides  (1) 
so  that  a  bee  cannot  insert  its  proboscis  there  ;  higher  up,  for  the 
space  of  a  few  millimetres  below  the  anthers,  they  are  smooth  and 
wide  enough  apart  to  admit  the  point  of  a  bee's  proboscis  easily. 
As  soon,  however,  as  the  bee  pushes  its  proboscis  farther  in,  it 
forces  the  filaments  apart,  and  tears  asunder  the  two  halves  of  the 
pollen-reservoir.  The  pollen  falls  out  on  to  the  bee's  proboscis, 
and  is  prevented  from  being  scattered  at  the  sides  by  the  fringe  of 
hairs  on  the  lower  edge  of  the  anthers.     This  pollen-mechanism  is 
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better  protected  than  in  the  foregoing  species,  for  the  helmet- 
shaped,  laterally  compressed  upper  lip  covers  it  both  above  and  at 
the  sides,  and  at  first  leaves  only  a  narrow  slit,  which  is  slightly 
more  dilated  just  below  tlie  anthers  to  admit  the  bee's  proboscis. 
Honey  is  not  secreted  by  the  ovary  itself,  but  by  a  development  of 
the  receptacle,  which  is  prolonged  downwards  and  forwards  into  a 
long,  fleshy  lobe,  turned  up  at  the  edges  (a,  4).  As  in  Evphrtma 
officinalis,  so  also  in  this  plant,  two  different  forms  exist,*  one  incon- 
spicuous and  regularly  self-fertilising,  the  other  more  conspicuous 


4— <>Tiij.  wtih  the  (MM  Of  the  >l]r(e,  nett«rr  ("I,  lunl  Imie  of  the  eoroUt  (co). 
6.— Homer,  nftlie  vsriety  minor,  iflw  rtmoul  of  Ihe  riehtlmlf  of  Uuealfi.  ttt 
fl  — Upper  lArt  of  dtlt^  mt  the  lirfflnnlnjE  of  tbft  floverlog  period,  from  thefroitt. 
r.— mitn,  st  the  end  of  (be  fliiweiTng  peifod. 
B.— atyle  of  the  variety  mtaor. 
0.  -«rle  of  tlic  vnrietj'  wlor. 


and  incapable  of  self-fertilisation.  Delpino,  who  has  thoroughly 
described  the  mechanism  of  this  flower,  has  only  had  the  lai^r 
furm  (mojor)  under  examination  ;  for  he  calls  Vaucher's  fairly 
accurate  account  (752)  of  the  occurrence  of  self-fertilisation, 
merely  a  product  of  the  imagination.^ 

M.  minor,  Ehrh. — In  the  small-flowered  form,  the  tube,  whose 
base  contains  the  honey,  is  7  to  8  mm.  long,  so  that  the  honey  is 

'  Linnfcusilistm^iahcd  theicu  virieties(aRnd  fi).   Later  ftuthori have advuiced 
tlipln  to  the  rank  of  ipfcie*,  R.  major,  Ebrh.,  and  A  minor,  Ehrh. 

'■'  No.  178,  p.  183,  "Om  Wttociinonfecheunpartodellt  iiMginMioiie." 
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accessible  to  all  our  humble-bees,  the  shortest  proboscis  among 
which,  that  of  B.  terrestris,  is  7  to  9  mm.  long.  The  moulh  of  the 
corolla  is  a  slit  6  to  7  mm.  long,  which,  however,  is  reduced  to  4 
mm.  by  the  position  of  the  upper  lip.  The  remaining  posterior  part 
of  the  slit  is  blocked  by  the  stamens  in  the  manner  already  described, 
80  that  the  bee  can  only  insert  its  proboscis  beneath  the  anthers. 
The  stigma  curves  down  so  far  over  the  anthers  (6,  Fig.  156) 
that  an  insect's  proboscis  must  touch  it  before  entering  further  and 
being  dusted  with  pollen.  In  general,  however,  bees'  visits  are 
scarce ;  for  the  corolla  is  almost  inclosed  in  the  vesicular  calyx, 
and  is  therefore  inconspicuous.  In  absence  of  insects,  self-fertilisa- 
tion always  takes  place ;  for  the  mouth  of  the  corolla  gradually 
opens  more  widely,  the  under  lip  bending  downwards,  and  the  sides 
of  the  upper  lip  spreading  further  apart  (7,  Fig.  156);  at  the 
same  time  the  style  elongates  and  curves  downwards  and  inwards 
(7,  8),  so  that  the  stigma  comes  to  stand  under  the  anthers,  or 
even  between  them  if  they  have  separated  in  withering. 

jR.  major,  Ehrh. — In  the  large-flowered  form,  the  tube  is  about 
2  mm.  longer  than  in  the  small-flowered  ;  but  this  small  difference 
suffices  to  exclude  many  of  our  humble-bees  from  the  honey,  or  to 
cause  them  to  bite  a  hole  in  order  to  gain  access  to  it.  Sprengel 
observed  these  holes,  but  they  are  not  made,  as  he  said,  by  "  a 
large  humble-bee,  for  whom  the  natural  entrance  is  too  small,*'  for 
all  humble-bees  insert  only  their  proboscis  into  the  flower ;  but  by 
those  with  the  shortest  proboscides,  namely,  as  I  have  repeatedly 
observed,  by  B,  terrestins,  L.  ?  and  9  >  ^^^  B,  pratoimin,  L.  9 , 
whose  proboscides  measure  respectively  7  to  9  mm.  and  8  mm. 

The  size  of  the  parts  projecting  beyond  the  calyx,  viz.  the 
upper  and  lower  lips,  differs  more  than  the  length  of  the  tubes  in 
the  two  varieties  or  sub-species.  The  upper  lip  is  in  B.  minor  7 
to  8  mm.,  in  B,  major  10  to  11  mm.  long.  The  flowers  of  B,  major 
are  therefore  more  conspicuous,  and  their  conspicuousness  is  in- 
creased by  the  pale  colour  of  the  bracts  and  by  the  violet  colour 
of  the  tip  of  the  upper  lip,  which  is  usually  wliite  in  B.  minor. 
As  both  species  grow  together  in  the  same  spots  and  flower  at  the 
same  time,  they  give  a  good  opportunity  of  proving  that  the  large- 
flowered  form  is  really  much  more  plentifully  visited  than  the 
other.  In  point  of  fact,  insect-visits  are  so  plentiful  in  the  case  of 
B.  major,  that  it  has  been  able  to  dispense  with  the  power  of  self- 
fertilisation,  and  the  style,  instead  of  bending  downwards,  projects 
more  and  more  from  the  mouth  of  the  flower. 

We  have  thus  in  Bhinanthus   major  and   minor  two   forms 
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engaged  in  the  struggle  for  existence ;  ^  the  one  excels  in  conspi- 
cuousness  and  the  abundance  of  its  insect-visitors,  the  other  in  its 
power  of  self-fertilisation.  The  former  seems  to  have  the  advan- 
tage, for  both  in  Westphalia  and,  according  to  Ascherson's  jPVwa,  in 
Brandenburg  it  is  much  more  plentiful  than  the  smaller  form ;  it 
is  also  more  plentiful  both  in  England  and  Ireland  according  to 
Mr.  T.  H.  Corry. 

The  following  list  includes  the  visitors  to  both  forms : — 

(1)  Boinbus  (Apathus)  Barbutellus,  K.  ?  (12)  ;  (2)  B.  Rajellus,  III.  ? 
(12—13)  ;  (3)  B.  hortorum,  L.  ?  ?  (19—21)  ;  (4)  B.  silvanim,  L.  ?  ej  (10— 
14)  ;  (5)  B.  senilis,  Sm.  ?  5  (14—15) ;  (6)  B.  Scrimshiranus,  K.  $  (10) ;  (7) 
B.  hypnorum,  L.  5  {^^ — 12),  all  only  sucking  normally  ;  (8)  B.  terrestris,  L. 
9  5  (J — 9),  (9)  B.  pratorum^  L.  5  (8),  both  sucking  normally  on  R,  minora 
but  obtaining  the  honey  of  R,  major  by  biting  a  hole  in  the  spur. 

Several  of  the  above-named  humble-bees  were  caught  carry- 
ing Rhinanthus  pollen  in  their  collecting-baskets, — viz.  B,  terrestris, 
9  9 ,  and  in  especial  numbers  (in  the  Hoppekethal,  July  11, 1869), 
B.  hypnorum,  9,  and  B,  pratonim,  9.  Sprengel  mentions  the 
honey-bee  as  a  frequent  visitor,  but  I  have  never  observed  it;  its 
proboscis  (6  mm.  long)  is  at  any  rate  too  short  to  reach  the  honey 
in  the  legitimate  manner. 

I  have  seen  one  of  the  Noctuidse,  Eiididia  glyphica,  L., 
repeatedly  sucking  the  honey  of  this  flower ;  but  the  tongues  of 
Lepidoptera  are  so  thin  that  they  can  reach  the  honey  without 
pushing  the  anthers  apart,  and  Lepidoptera  therefore  are  quite 
useless  to  the  plant. 

In  Rhinanthus  Alectorolophus,  PoU.,^  we  have  an  intermediate 
stage  between  R.  crista-galli  and  R,  alpinus.  The  corolla  is  produced 
into  a  beak-like  prolongation  close  under  the  projecting  stigma, 
and  above  the  entrance  made  use  of  by  bees ;  this  process  of  the 
corolla  bears  a  small  opening,  bounded  by  two  blue  lobes.  This 
small  opening  permits  Lepidoptera  to  insert  their  thin  tongues,  which 
touch  first  the  stigma  and  then  the  anthers ;  and  as  a  matter  of 
fact  this  species  is  visited  and  cross-fertilised  both  by  Lepidoptera 
and  by  humble-bees  (570,  609). 

In  Rhinanthus  alpinus,  Bmg.,  the  lower  or  bees'  entrance  is 
closed,  its  edges  coming  close  together  without  uniting,  and  only 
the   small  upper  opening  remains;  and  this  species  is  therefore 

^  Compare  Malva  rotuTidifolia  and  if.  Hlvestris,  p.  142. 

^  Included  by  Nyman,  ConspedMS  Flora  Europaem,  under  R,  ^najor. 
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adapted  solely  for  Lepidoptera;  but  it  is  much  visited  by  humble- 
bees,  who  force  open  the  flower  to  steal  the  pollen,  and  sometimes, 
but  less  frequently,  the  honey  (570,  609). 

Tozzia  alpiiia,  L. — The  bright  yellow  flowers  are  visited  by 
numerous  flies.  Stigma  and  anthers  ripen  Bimultaneously.  At 
first  the  stigma  stands  fax  in  front  of  the  antliers,  but  afterwards 
the  growth  of  the  corolla  carries  forward  the  stamens  until  the 
anthers  lie  well  in  front  of  the  stigma  (609). 


-upper  p>rt  nf  i  flower,  ttam  wliUgi  Oie  rtglit  lielf  ol 

— DrciD,  Tieved  fnini  the  mint. 

.— Diltn,  eftstrtmovalof  tJulrwterlfp.    (x  SJ.) 

*,  eperture  for  hnmt>le-b»"B  probuMis ;  /(*,  epertnre  for  buttcrtlj'j 


335.  Melampybum  PRATEXSE,  L. — The  contrivance  by  which 
the  pollen  is  shed  in  Melampyrum  is  again  different  from  all  the 
foregoing ;  for  here  all  the  four  anthers  lie  close  together  and  form 
a  single  pollen -reservoir,  which  is  opened  by  touching  the  pointed 
appendage  borne  by  each  anther-lobe.  The  flower  exhibits  several 
other  remarkable  peculiarities.  Honey  is  secreted  by  the  base  of 
the  ovary,  which  expands  opposite  the  under  lip  into  a  white,  round, 
fleshy  body,  on  each  side  of  which  runs  a  honey-secreting  groove. 
The  abundant  honey  fills  2  to  3  mm.  of  the  tube,  which  is  14 
to  15  mm.  long,  and  stands  horizontally  ;  it  is  protected  from  rain 
by  a  ring  of  hairs,  pointing  forwards  and  placed  immediately  in 
front  of  it.  In  order  to  suck  the  honey  in  the  normal  way,  and 
without  thrusting  its  liend  into  the  tube,  an  insect  must  have  a 
proboscis  14  to  15  mm.  long  ;  so  that  the  greater  number  of  our 
hurable-liees  are  excluded.      But   at  its  anterior  end,   for  4   to 
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5  mm.,  the  tube  is  so  wide  that  a  humble-bee's  head  enters  it 
easily;  a  proboscis  10  to  11  mm.  long  therefore  suffices,  and 
only  B.  ierrcstris  and  small  workers  of  some  other  species  are 
excluded. 

In  its  narrower  part  the  tube  is  three-sided,  the  lower  wall 
standing  horizontal,  the  sides  first  bending  sharply  inwards  then 
rising  almost  perpendicularly,  and  holding  the  style  in  their  upper 
angle.     All  three  sides  widen  out  gradually  for  a  space  of  8  to  10 
mm.  from  the  base  of  the  tube,  then,  on  a  sudden,  more  rapidly, 
the  sides  rising  up  into  a  hood  for  the  2)ollen-reservoir,  and  the 
floor  increasing  from  3  mm.  to  5  mm.  in  breadth.     In  this  wide 
part  of  the  tube  the  lower  part  of  the  side  w^alls  is  doubled  down 
upon  the  floor  by  a  re-entrant  fold  («,  2,  3),  so  that  the  breadth 
of  the  entrance  is  reduced  to  scarcely  3  mm. ;  and  this  is  further 
reduced  in  height  to  1  to  2  mm.  by  two  dark  yellow  pouches  in  the 
under  lij^  {i^athfindcrs,  h,  3),  and  by  a  fold  close  behind  the  free 
edge  of  the  hood-like  upper  lip;  if,  however,  the  folds  in  the  side 
walls  and  in  the  upper  lip  are  opened  out  by  a  bee  thrusting  in  its 
head,  there  is  plenty  of  room  in  the  broad  part  of  the  tube  for  the 
bee's  head,  which  is  about  5  mm.  broad,  and  3  mm.  high.     So  by 
this  peculiar  conformation  of  the  mouth,  weak,  short-lipped  insects 
are  excluded,  and  at  the  same  time  humble-bees  are  permitted 
to  insert  their  heads.     There   are  yet  other  peculiarities  in  the 
mouth  of  the  flower  which  complete  this  result.     The  filaments 
which,  in  the  narrow  part  of  the  tube,  are  thin  and  adhere  to  the 
corolla,  become  free  from  it  in  the  wide  part,  and  rise  obliquely 
upwards  as  stiff,  broad  rods  beset  with  teeth  on  their  inner  sides, 
towards  the  hooded  upper  lip,  which  incloses  the  stamens.     The 
two  anterior  stamens  lie,  in   their   ascending  portions,  so   close 
behind  the  entrance  of  the  flower  that  they  block  it  for  a  further 
space  of  }j,  mm.  on  either  side.     So  in  looking  from  the  front  into 
the  mouth  of  the  flower  we  see  an  opening  only  2  mm.  broad  and 
scarcely  so  high,  bounded  on  the  right  and  left  by  the  prickly 
margins  of  the  filaments,  above  by  the  soft  tufts  of  hairs  on  the 
upper  lip,  and  by  the  weak  hairs  projecting  downwards  from  the 
pollen-receptacle  {cl,  3).     The  bee  in  inserting  the  delicate  tip  of 
its  proboscis  carefully  avoids  any  rough  contact ;  therefore,  in  this 
flower,  it  directs  it  neither  to  the  right  or  left,  where  it  would 
meet  the  sharp  points  upon  the  stamens,  but  upwards  where  it 
rubs  against   the  soft   hairs   of  the   upper   lip   and   the   pollen- 
receptacle  in  passing  into  the  tube.     This  course  is  cf^sontial  for 
cross-fertilisation. 


THE  FERTILiaATION  OF  FLOWERS. 
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The  style  traverses  the  upper  angle  of  the  tube  in  its  whole 
leugth,  and  bends  down  with  it  over  the  pollen-receptacle,  so  that 
its  Btigraatic  end  hangs  down  in  the  upper  part  of  the  mouth  of 
the  flower  between  the  tufts  on  the  upper  Hp,  and  is  thus  in- 
evitably touched  by  the  bee's  proboscis  as  it  enters.     The  four 


].— FlBwer.rrDm  tbe>Lds(x  3). 
1.— Ditto,  from  t^m. 
>.— Ditto,  hoiD  lbs  n-ont  (x  7). 
4 — The  pollan-reciptH]*  f«no(d  bj  Ui«  tuiUii 
A — Ditto,  >ft«rltliu  aiHDid,  from  btCowe. 
a  — Tba  two  uUien  at  Om  right  tuilf  of  Uib  0 
I.-BaliUTp patltlom of  pullcn-nceptule nn 
a,  >[d(i-roM  [n  the  (bnpHt  of  Dm  cotoIU  ;  i 
ttptnclB ;  *,  t«lh  iijuin  the  fllBnicnli ;  /,  glipc 


pairs  of  anther-lobes,  which  have  stiff  walls  and  are  in  firm 
connection  with  the  stiff  filaments,  cohere  closely  by  their  upper 
and  posterior  edges,  hut  admit  of  some  motion  at  their  lower 
and  anterior  edges,  which  are  fringed  with  hairs.  Each  anther- 
lobe  is  prolonged  downwards  into  a  stiff,  shaip  process,  so  that 
four  pairs  of  these  sharp  processes  point  downwards;  of  these 
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the  hindmost  are  the  longest,  as  they  might  easily  escape  being 
touched  if  of  the  same  length  with  the  others.  The  bee's  pro- 
boscis, entering  the  flower  in  the  way  described  above,  comes  in 
contact  immediately  afterwards  with  the  sharp  processes  of  the 
anthers ;  the  anther-lobes  at  once  separate  slightly  at  their  lower 
and  anterior  edges,  and  the  fine,  dusty  pollen  is  shed  upon  the 
insect's  proboscis. 

In  spite  of  these  manifold  adaptations,  the  plant,  from  growing 
in  shady  spots,  is,  as  a  rule,  sparingly  visited  by  bees ;  but  in  their 
absence  self-fertilisation  takes  place  regularly.  As  in  BJiinanthus 
minor,  the  end  of  the  style  curves  more  and  more  downwards,  and 
at  last  inwards,  so  that  the  stigma  comes  to  lie  below  the  pollen- 
receptacle  (5,  Fig.  158),  which  in  the  old  flower  opens  of  itself. 
In  flowers  whose  colour  has  changed  to  reddish  the  stigma  is 
always  found  in  this  position. 

Visitors  ;  Hymenoptera — Apid<v :  (!)  Bombus  agromm,  F.  9  ?  '•  (10 — 16), 
sucking  normally.  Its  weight  bends  down  the  flowers  to  which  it  hangs.  It 
first  inserts  the  tip  of  its  proboscis  into  the  upper  part  of  the  flower,  then 
thrusts  the  whole  proboscis  and  its  head  into  the  tube.  After  visiting  a  flower, 
which  takes  only  a  few  seconds,  it  almost  always  flies  away  to  a  neighbouring 
plant.  (2)  B.  hortorum,  L.  ^  I  (18—20),  sucking  normally,  just  as  the  former 
species  (Siebengebirge,  July  8,  1871)  ;  (3)  B.  terrestris,  L.  ?  (7 — 9),  bites 
through  the  corolla  close  above  the  calyx,  so  that  one  mandible  makes  a  hole 
on  each  side  of  the  sharp  edge  of  the  corolla,  and  through  one  of  these  two  holes 
the  bee  inserts  its  proboscis  ;  (4)  B.  pratonim,  L.  9  (J  (^ — ^)>  ft<^ts  similarly 
(Siel>eugebirge,  July  8,  1871)  ;  (5)  Apis  mellifica,  L.  5  (6)>  d<>->  very  ab.  ;  (6) 
Megachile  circunicincta,  K.  ?!  (II),  sucking  normally,  only  one  specimen. 
B.  Diptera — Straliomyidcc :  (7)  Oxyceni  pulchella,  Mgn.,  I  saw  this  species  on 
the  flowers  at  Warstein, — it  probably  could  not  reach  either  the  honey  or 
the  pollen.     See  also  No.  590,  iii. 

Melampyrum  arverise,  L.,  is  visited  by  various  insects,  but  only 
fertilised  by  very  long-tongued  humble-bees  (590,  III.). 

Melamiryrum  nemorosiom,  L. — The  honey  is  stolen  by  various 
humble-bees,  but  the  flower  is  fertilised  only  by  Bcmhits  hortorum^ 
L.  9  (590,  III.). 

Melampyrum  silvaticum,  L. — The  flower  is  of  small  size  and  its 
mechanism  is  much  simplified  (SQO,  III.). 

The  six  forms  above  described  in  which  dry  pollen  is  shed  on 
the  insect- visitor,  viz.  Odontites  lutea,  0,  urotina,  Euphrasia  offi,- 
rinalis,  Melampyrum,  Bhinanthus,  and  Pedicidaris,  show  remarkable 
Ljradations  in  the  way  in  which  tlio  anthers  are  protected  and  the 
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pollen  lodged,  and  imtlie  mechanism  for  scattering  the  pollen  and 
for  guiding  the  insect's  proboscis. 

a.  The  protection  of  the  anthers.  In  Odontites  lutea  the 
anthers  protrude  from  the  flower,  as  in  Veronica;  in  Odontites 
serotina  they  are  only  slightly  covered  by  the  upper  lip,  while  they 
are  entirely  covered  by  it  in  H.  ojffwinalis;  in  the  three  others  they 
are  completely  inclosed  in  the  hood  of  the  upper  lip. 

6.  The  pollen-receptacles.  In  the  two  species  of  Odontites 
and  in  Euphrasia  ojicinalis  each  anther-lobe  forms  a  separate 
receptacle  opening  at  the  apex ;  in  0.  lutea  all  the  anthei*s  are 
separate ;  in  0.  serotina  they  are  connected  posteriorly  by  matted 
hairs;  in  E.  ojicinalis  their  edges  cohere.  In  Melampyr^im, 
Bhinanthus,  and  Pedimdaris,  their  edges  are  closely  united  so  as  to 
form  a  single,  more  or  less  distinctly  four-chambered  receptacle. 

c.  The  shedding  of  the  pollen.  In  0.  lufea  and  0.  serotina 
the  anthers  must  be  touched  in  order  to  shed  their  pollen ;  in 
0.  lutea  each  must.be  touched  separately,  but  in  0,  serotina 
one  touch  is  communicated  to  all.  In  E.  officinalis  the  lower 
anthers,  in  Melampyruni  all  of  them,  bear  sharp  appendages  which 
point  downwards,  and  which,  when  touched,  cause  the  jx^Uen  to 
fall  out.  In  Rhinanthus,  the  pollen-receptacle  is  opened  by 
pushing  apart  the  filaments.  In  Fedicularis,  the  edges  of  the 
hood  which  incloses  the  pollen-receptacle  are  separated  by  a 
complex  system  of  levers,  and  the  pollen-receptacle  then  opens. 
In  all,  except  0,  lutea,  hairs  directed  downwards  (either  from  the 
edges  of  the  anthers  or  from  the  filaments)  prevent  the  pollen 
being  scattered  at  the  sides. 

d.  The  path  of  the  bee's  proboscis.  In  0.  lutea  and  E.  officinalis 
the  path  is  only  marked  out  by  the  entrance  of  the  tube  ;  but  in 
0.  lutea  the  bee's  proboscis  cannot  fail  to  come  in  contact  with  one 
or  other  of  the  anthers,  and  in  E,  officinalis  with  their  appendages. 
In  the  other  four  species  sharp  points  on  the  filaments  or  on  the 
edges  of  the  upper  lip  cause  the  bee  to  insert  the  tip  of  its 
proboscis  just  in  such  a  position  that  it  may  first  touch  the  stigma 
and  then  dust  itself  with  pollen. 

In  regard  to  all  four  characters  Odontites  lutea  stands  lowest, 
and  Pedicularis  silvatica  highest. 

Cross-fertilisation  in  case  of  insect-visits  is  insured  in  all  the 
six  species  by  the  stigma  being  touched  in  all  or  most  flowers 
by  the  same  part  of  the  insect  which  is  immediately  afterwards 
dusted  with  pollen.  In  three  species  out  of  the  six,  two  forms  of 
flowers  occur,  of  which  one  is  sparingly  visited  by  insects  and  in 
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their  absence  fertilises  itself  regularly,  and  the  other  is  abundantly 
visited  by  insects  and  is  incapable  of  self-fertilisation.  In  Euphrasia 
officinalis  and  Rhiitanthus  crista-galli  it  is  the  small-flowered  form, 
in  Odontites  serotina  it  is  the  plants  inhabiting  shady  places,  which 
receive  so  few  insect-visits  that  self-fertilisation  becomes  necessary ; 
in  Melampyrum  and  Odontites  hUea  self-fertilisation  occurs  in 
absence  of  insects,  but  in  all  flowers  without  distinction;  in 
Pedicularis  silvatica  alone,  the  conspicuousness  of  the  flowers  and 
the  perfection  of  the  pollen- apparatus  insures  cross-fertilisation  so 
well  that  self-fertilisation  never  takes  place. 

The  section  of  the  Scrophularinese  characterised  by  a  pollen- 
distributing  mechanism  is  remarkable  also  for  the  gradations  in  the 
development  of  its  nectaries.  Usually  part  of  an  organ  already 
present  secretes  honey,  especially  the  lower  part  of  the  outer  wall  of 
the  ovary,  which  sometimes  secretes  its  honey  all  round  (Tozzia), 
sometimes  mainly  or  solely  in  front  {En^fhrasia  and  OdoTitites), 
With  the  growth  of  this  new  function  the  secreting  tissue 
thickens  and  forms  a  protuberance  scarcely  noticeable  in  Euphrasia 
minima,  but  evident  in  E.  salishurgensis  and  Pedicularis  asplenia 
foliay  Fl. ;  it  becomes  a  strongly  marked  swelling  in  P.  verticillata, 
L.,  and  P.  recutita,  L.,  which  in  P.  pabistris,  L.,  is  more  sharply 
marked  off  from  the  ovary,  and  in  Rhinanthus  becomes  a  cup 
extending  forwards  from  the  base  of  the  ovary,  which  contains 
the  nectar,  and  is  most  perfectly  developed  in  iZ.  alpinus.  We 
thus  have  a  complete  series  of  transitions,  from  secretion  of  honey 
by  an  organ  whose  proper  function  is  quite  different,  to  the 
development  of  a  special  nectary. 


REVIEW  OF   THE  SCROPHULARINEiE. 

The  Scrophularinea3  described  above  may  be  arranged  in  four 
groups  according  to  their  pollen-distributing  mechanism  and  the 
insects  which  fertilise  them. 

1.  Verhascum  and  Veronica  have  open  flowers,  with  short  tubes 
and  freely  exposed  reproductive  organs  which  insect-visitors  may 
come  in  contact  with  at  any  part,  though  they  as  a  rule  touch  the 
stigma  before  the  anthers.  Only  in  some  Veronicas,  especially  in 
V.  Chamwdrys,  the  filaments  by  spreading  apart  and  thinning  away 
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at  the   base  form  a  delicate  pollen-distributing  apparatus.     The 
fertilisers  are  flies  and  bees. 

2.  Scrophularia  has  short,  round,  brownish  flowers,  with  a 
widely  open  mouth  and  easily  visible  honey.  The  stigma  ripens 
before  the  anthers,  and  both  come  in  contacl  inferiorly  with  the 
insects.     Wasps  are  the  chief  fertilisers. 

3.  Digitalis,  Antirrhinum,  and  Linarici  have  long  and  wide 
tubes,  open  in  Digitalis  and  closed  in  the  other  two.  The  insect- 
visitor  creeps  entirely  or  almost  entirely  into  the  tube,  and  touches 
anthers  and  stigma  with  its  back.  The  fertilising-agents  are  large 
bees. 

4.  JSuphrasia,  Odontites,  Rhina^ithus,  Melampyruin,  and  Pcdicu- 
lai*is  have  narrow  tubes  which  divide  into  an  upper  lip  protecting 
the  anthers,  and  a  lower  lip  serving  as  a  platform  for  insects  to 
alight  on.  They  dust  their  insect-visitors  with  smooth,  powdery 
pollen.  The  forms  with  shorter  tubes  are  fertilised  by  bees  and 
flies,  those  with  longer  tubes  almost  exclusively  by  humble-bees. 

On  the  Alps  we  have  in  addition  Tozzia,  fertilised  by  flies, 
Rhinanthus  Alectorolophus  by  humble-bees  and  Lepidoptera,  and 
jB.  alpinus  by  Lepidoptera  (609). 

In  almost  all  the  ScrophularinesB  that  we  have  considered, 
cross-fertilisation  is  efifected  by  the  stigma  being  touched  before 
the  stamens  or  pollen-apparatus  by  insect- visitors  ;*  but  in  some 
cases  dichogamy  also  occurs.  In  default  of  insect-visits,  self-fertili- 
sation takes  place  in  most  forms ;  and  only  in  a  few  are  insect- 
visits,  and  consequently  cross-fertilisation,  so  far  insured  that  self- 
fertilisation  is  never  required  and  has  become  impossible. 

This  family  affords  another  instance  of  the  association  of  certain 
colours  with  fertilisation  by  certain  insects.  In  the  section  charac- 
terised by  loose  dry  pollen,  the  lowest  forms  {Tozzia,  Odontiicfi 
hdea,  and  Euphrasiii  minima)  are  all  yellow,  while  in  the  highest 
{Melarrqiyrum,  Fedicu1ai*is)  red  and  purple  colours  appear.  The 
uncommon  colour  of  Scropfndaria  must  be  referred  to  the  peculiar 
taste  of  its  visitors,  the  wasps.  The  colours  of  the  genus  Veronica, 
which  is  fertilised  by  flies,  remain  to  be  explained.  Most  species 
have  light  or  dark  blue  flowers ;  those  of  F.  urtvifolia,  and  T', 
peregrina,  L.,  are  pink.  In  spite  of  its  apparently  simple  flower, 
Veronica  is  by  no  means  a  primitive  form  among  the  Scrophu- 
larineaj :  the  symmetrical  flower,  the  specially  differentiat<?d 
nectary,  the  reduction  of  the  sepals  and  petals  to  four,  and  of  the 
stamens  to  two,  are  all  characters  widely  removed  from  the 
primitive  type.     The   short-tubed  species   of    Veronica   must  be 
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looked  upon  as  the  more  primitive,  from  which  the  long- tubed  type 
of  V.  spicata  has  been  evolved  by  the  agency  of  bees  and  sand- 
wasps.  Two  different  hypotheses  suggest  themselves  for  the  origin 
of  the  genus  Veronica,  In  the  first  place,  the  reduction  of  the 
stamens  to  two  may  be  due  to  the  development  of  the  delicate 
pollen-shedding  mechanism  adapted  for  Syrphidse,  which  we 
found  to  be  best  developed  in  V,  Chanutdrys  and  F.  urticifolia ; 
just  as  in  Salvia  two  stamens  have  certainly  become  aborted 
owing  to  the  development  of  the  special  lever-apparatus  in  the 
others.  According  to  this  view,  the  oldest  Veronicas  are  those 
which  are  adapted  for  Syrphidae,  the  others,  with  short  tube  and 
flat  limb,  being  developed  from  them  by  degeneration  of  the 
pollen-mechanism ;  and  several  species  (e.g,,  V.  Beccahunga  and 
F.  aphylla)  do  seem  to  show  such  a  degeneration.  But  it  is  con- 
ceivable that  the  ancestors  of  Veronica  suffered  reduction  in  the 
number  of  their  stamens  simply  in  consequence  of  gradual  dimi- 
nution in  size,  as  in  Lycopus  among  Labiates,  several  Saginae 
among  Alsine?e,  small-flowered  species  of  Ranunculus,  Chasalea, 
and  the  small-flowered  form  of  Siellaria  media,  L. ;  and  that  the 
pollen-mechanism  was  subsequently  developed  in  one  section  of 
the  genus.  In  this  case  we  must  ascribe  to  a  miscellaneous  lot  of 
Syrphidae  and  small  bees  the  blue  colour  of  the  simpler  Veronicas 
which  are  not  provided  with  any  special  adaptations  for  SyrphidaB ; 
for  the  Muscidae  and  other  Diptera,  which  also  visit  and  fertilise 
these  simpler  Veronicas,  show  no  signs  of  favouring  the  production 
of  a  blue  colour  in  any  other  instance.  I  see  as  yet  no  grounds 
for  preferring  either  of  these  hypotheses  to  the  other. 


Obd.  LENTIBULARIEuE. 

Utricularia,  L. — Buchenau  has  investigated  thoroughly  the 
structure  and  development  of  the  flower.^  Hildebrand  has  ex- 
plained the  mechanism  of  fertilisation  (356).  An  insect,  thrusting 
its  proboscis  beneath  the  upper  lip  to  reach  the  honey  contained  in 
the  spur,  first  touches  with  its  back  one  of  the  stigmatic  lobes,  which 
project  beyond  the  anthers  and  have  their  papillar  surfaces  directed 
downwards  ;  immediately  afterwards  it  comes  in  contact  with  the 
anthers  and  gets  dusted  with  fresh  pollen.  The  stigma  is  irritable, 
folding  upwards  at  once  on  being  touched,  so  that  pollen  cannot  be 
applied  to  the  stigma  of  the  same  flower  as  the  insect  draws  back. 

1  Botan.  Ziitung,  1865,  p.  68. 
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Finguicula  alpina,  L. — The  structure  of  the  flower  is  similar,  but 
the  stigma,  instead  of  folding  up  by  its  own  irritability,  is  pushed 
upwards  by  the  retreating  insect  (Hildebrand,  356).  A  fly,  forcing 
its  way  iuto  the  pale  yellow  flower,  rubs  against  the  stigma  with 
ite  back  and  dusts  it  with  pollen  from  another  flower.  It  now  tries 
to  move  upwards,  as  far  as  possible,  to  free  itself  from  certain  stiflf 
hairs  directed  obliquely  backwards  on  the  inferior  wall  of  the 
corolla,  and  in  doing  so  it  dusts  its  back  with  fresh  pollen  (589, 
p.  334 ;  609).  Some  flies,  which  are  large  enough  to  get  caught 
firmly  but  not  strong  enough  to  make  their  escape,  are  held  fast 
and  perish. 

Pinguicula  lusitanica,  L.,  is  self- fertilising  (Henslow). 

Pinguicula  vulgaris^  L. — Axell  gives  a  figure  and  description 
of  the  flower,  which  agree  with  Hildebrand's  account  (17).  This 
species  is  adapted  for  bees  (609). 

Obd.  GESNERACE^, 
The  flowers  are  markedly  proterandrous  (172,  178,  632). 

Obd.  BIGNONIACEJS, 

Bignonia,  L. — The  flowers  are  proterandrous.  The  lobes  of 
the  stigma  are  touched  first  by  an  insect-visitor,  and  therefore  get 
dusted  with  pollen  from  a  previously- visited  flower ;  they  then 
close  up  immediately,  before  pollen  from  their  own  flower  can 
reach  them  (178). 

Martyaia^la.  (Pedalineae),  has  a  similar  arrangement  (172,  352). 

My  brother  Fritz  Mliller  fertilised  a  species  of  Bignonia  {Cipo 
alho  of  the  Brazilians)  in  South  Brazil  as  follows :  — 

(1)  Twenty-nine  flowers  on  two  stocks  with  pollen  of  their  own 
stock  ;  all  fell  off"  in  a  short  time. 

(2)  Thirty  flowers  on  the  same  two  stocks  with  pollen  from 
others  growing  near  by ;  only  two  flowers  developed  fully,  but 
most  i*emained  longer  upon  the  stem  than  in  the  previous  ease, 
and  many  showed  a  commencing  enlargement  of  the  ovary. 

(3)  Five  flowers  on  one  stock  with  pollen  from  another  growing 
at  a  distance  ;  all  five  were  fruitful  (551). 

Tecoma  capensis,  Lind.,  is  visited  and  fertilised  in  Natal  by 
honey-suckers  and  by  small  bees  (233). 
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Obd.  ACANTHACEJH, 

Thunhergia  alata,  Boj. — The  insect  entering  the  tube  of  the 
flower  to  reach  the  honey  at  the  base  first  touches  the  stigma  with 
its  back,  and  then  the  anthers,  which  are  provided  inferiorly  with 
pointed  processes  (352). 

Cryphiacanthus  barhadc^ms,  Nees.  {Rvellia  clandeslina,  L.). — 
The  cleistogamic  flowers  were  known  to  Dillenius  (531). 

Uranthemum,  L.,  DcccUdacaiithus,  Anders.,  DqiteracanthvSy 
Nees.,*  jEchmanthcra,  Nees.,  and  Ruellia,  L.,  also  possess  cleis- 
togamic flowers  (167), 

Meyenia  ereda,  Benth. — The  mechanism  of  the  flower  of  this 
West  African  shrub  has  been  described  by  Mr.  Irwin  Lynch  (444). 
The  flowers  stand  nearly  horizontal.  The  style  lies  in  a  groove 
on  the  dorsal  side  of  the  tubular  curved  corolla.  The  stigma, 
which  stands  at  the  mouth  of  the  tube,  is  two-lipped ;  its  upper  lip, 
which  is  alone  receptive,  is  rolled  into  a  tube. 

The  anthers  stand  midway  in  the  corolla  tube,  and  are  furnished 
with  hairs  which  catch  the  pollen  as  it  is  being  shed.  The  broad 
lower  lip  of  the  stigma  projects  downwards,  obstructing  the  en- 
trance ;  it  first  acts  as  a  lever  to  bring  the  upper  lip  down  upon 
the  back  of  an  insect  entering  the  flower;  but  afterwards,  as  the 
insect  emerges  with  its  back  dusted  with  fresh  pollen,  the  lower 
lip  of  the  stigma  protects  the  upper  one  from  contact. 

Strohilanthes  {Goldficssia)  anisophylla,  Nees. — This  flower  was 
carefully  described  and  beautifully  figured  by  Charles  Morren  in 
1839  (541  a).  Morren  saw  that  insects  were  needed  to  eflPect  fertilis- 
ation, but  he  thought  only  of  self- fertilisation,  and  accordingly  he 
misinterpreted  the  mechanism  of  the  flower. 

The  flowers  stand  nearly  horizontal.  The  tip  of  the  style  only 
bears  stigmatic  papillae  on  its  lower  (anterior)  surface  ;  it  is  curved 
upwards  so  that  an  insect  in  entering  the  flower  comes  at  once  in 
contact  with  the  stigma.  When  the  stigma  is  touched  (or  even  if  it 
be  breathed  upon)  it  at  once  becomes  straighteneil  out  and  gener- 
ally curves  at  the  same  time  to  the  right,  and  it  becomes  closely 
appressed  to  the  inferior  wall  of  the  corolla.  The  insect  passes 
furtlier  into  the  flower,  and  becomes  dusted  with  fresh  pollen :  this 
is  carried  out  of  the  flower  without  coming  in  contact  with  the 
stigma.  According  to  Morren  the  irritability  of  the  style  is  never 
manifested  until  after  dehiscence  of  the  anthers. 

^  Bentliam  and  Hooker  place  tliia  genns  under  Huellia. 
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Morren  supposed  that  the  pollen  fell  of  itself  from  the  anthers, 
and  either  came  directly,  or  was  carried  by  small  insects,  to  the 
hairs  upon  the  inferior  wall  of  the  corolla  in  the  neighbourhood  of 
the  stigma;  and  that  thus,  when  by  any  cause  the  style  was 
irritated,  the  stigma  curved  over  and  applied  itself  to  the  pollen. 

Acanthus  mollis,  L.,  and  A,  spinosus,  L. — The  four  unilocular 
anthers  lie  close  together  and  hold  between  them  the  loose  pollen. 
The  inferior  filaments  pass  below  and  in  front  of  the  anthers,  and 
are  suddenly  bent  back  towards  them  immediately  below  their 
attachment.  The  bee-visitors  (Bombus  italicus  and  B,  terrestris) 
have  to  pass  between  these  inferior  filaments,  and  in  doing  so  force 
both  them  and  their  anthers  apart,  and  cause  the  pollen  to  fall  out. 
The  proterandrous  condition  lasts  for  several  days,  and  then  the 
end  of  the  style,  which  was  straight  before,  bends  downwards  and 
forwards,  so  that  the  lobes  of  the  stigma  come  in  contact  with  the 
bee  (172,  178,  360). 

Aphelandra  pectinaia,  Willd.  (A.cristata,  H.  B.  and  Kth). — The 
two  lobes  of  the  corolla  which  form  the  upper  lip  are  rolled  round 
the  anthers ;  the  two  lateral  lobes  are  approximated,  forming 
folding  doors  which  close  the  entrance  of  the  tube.  When  these 
doors  are  opened  they  cause  the  lobes  of  the  upper  lip  also  to 
separate,  and  the  anthers  are  set  free  and  shed  their  pollen  on  the 
visitor.     The  fertilising-agents  are  probably  humming-birds  (178). 

Bhiinacanthus  communis,  Nees.,  is  markedly  proterandrous.  In 
the  first  stage,  the  two  anthers  are  bent  down  into  the  entrance  of 
the  flower,  and  the  still  immature  stigma  is  bent  upwards ;  in  the 
second  stage  the  anthers  are  bent  apart  to  the  sides,  and  the  ripe 
stigma  is  placed  exactly  in  the  path  of  the  insect's  proboscis.  The 
visitors  are  probably  Lepidoptera  (177). 


Obd.  SELAGINEJS  {GLOBULARIACEjE). 

Globularia  vulgaris,  L,  is  proterandrous ;  G.  cordifolia,  L.,  and 
G.  nudicardis,  L.,  are  proterogynous  with  persistent  stigmas.  The 
flowers  of  all  three  are  light-blue  and  adapted  for  fertilisation  by 
butterflies.  This  is  the  only  instance  in  the  German  and  Swiss 
flora  of  a  blue  colour  being  produced  by  the  selective  agency  of 
Iiepidoptera  (609). 
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Obd.  VERBENACEjE. 

^giphila  elata,  Sw.,  and  ^.  mollis,  H.  B.  and  Kth.,  are  con- 
spicuously heterostyled.  ^,  olxlurata  "  probably  was  once  hetero- 
styled,  and  has  since  been  rendered  dioecious  by  the  pistil  in  the 
one  form  and  the  stamens  in  the  other  having  become  functionless 
and  reduced  in  size"  (Darwin,  167,  p.  124). 

Verbena  officinalis,  L.,  is  adapted  for  fertilisation  by  bees  (590, 
III.,  and  609). 

The  flowers  of  a  Lantana  in  South  Brazil  are,  according  to  Fritz 
MtiUer,  yellow  on  the  first  day,  orange  on  the  second,  and  purple 
on  the  third.  Some  butterflies  visit  the  yellow  and  orange  flowers, 
some  exclusively  the  yellow,  none  the  purple.  So  this  change  of 
colour  increases  the  conspicuousness  of  the  plant,  and  at  the  same 
time  saves  many  useless  visits  (560). 

Ocimum,  L. — In  this  genus  the  Labiate  type  of  flower  is  reversed, 
the  stamens  and  style  lying  upon  the  under  lip,  while  the  upper 
side  of  the  tube  lodges  the  honey,  which  is  protected  by  hairs  on 
the  superior  stamens.  Therefore  the  stamens  first  curve  upwards, 
the  style  downwards,  and  afterwards  in  the  contrary  direction; 
which  is  the  reverse  of  what  occurs  in  Teucrium,  for  instance.  The 
fertih'sers  are  bees  of  the  genera  Anthidium,  Apis,  Bonibus,  and 
Hal  ictus  (178,  360). 

Obd.  LABI  at JH. 

Plectranthus  fridicosus,  L'H^r. — The  reproductive  organs  lie 
below  the  entrance  into  the  honey-receptacle,  which  is  a  spur-like 
development  of  the  base  of  the  corolla.  In  the  first  stage  the 
style  lies  with  unripe  stigmas  between  the  stamens  ;  in  the 
second  the  stamens  have  spread  apart,  and  the  style  with 
outspread  stigmas  stands  alone  in  the  way  of  insect-visitors  (360). 

336.  Lavandula  vera  (L.),  D.  C. — The  spikes  of  small  blue 
flowers  attract  many  insects,  especially  bees,  by  their  strong  scent, 
and  supply  abundant  honey.  The  tube  is  6  mm.  long,  and  the 
nectary  resembles  that  of  Thymus  in  size  and  position.  The 
stamens,  which  lie  in  the  inferior  side  of  the  tube,  overtop 
the  stigmas,  but  the  well-marked  proterandry  insures  cross- 
fertilisation. 

(1)  Anthopbora  quadrimaculata,  Pz.  J  (J,  ab.  ;  (2)  Osmia  senea,   L.  (J, 
freq.  ;  (3)  0.  rufa,  L.  9,8.;  (4)  Megachile  pyrina,  Lep.  (fasciata,  Sm.),  ^ , 
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freq.  ;  (5)  M.  Willaghbiells  K,  (J  ;  (6)  SI.  centiiiR-ulftris,  L.  ^  ;  (7)  Antliidium 
mRDicatuni.  L.  ?  (J,  ab. ;  (8)  Crocisa  Bcutrflaris,  Pi.  ?  5,  iib.  ;  (9)  Cccliniys 
cnnoidea.  111.  ? ,  froq.  ;  (10)  0.  iimbrina,  Sm.  9 ;  (11)  CliclnMtonirt  nigricome, 
NjL  j,  all  only  Bucking.     See  alno  No.  590,  III. 

337.  Mentha  akvensis,  L. — The  base  of  the  ovary,  which' 
secretes  the  honey,  is  several  times  as  large  as  the  ovary  itself, 
(»,  4,  Fig.  159).  The  corolla  forms  a  hell,  which  in  the  pistillate 
flowers  is  about  2  mm.,  in  the  hermaphrodite  about  3  mm.  long, 
and  in  both  is  fully  half  as  wide  at  the  mouth  as  it  is  long.  The 
honey  is  accessible  to  very  short-lipped  insects,  and  it  is  completely 
sheltered  from  rain  by  hairs  which  extend  from  the  sides  of  the 
bell  to  its  centre.    The  flowers  make  themselves  perceptible  at  a 
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distance  by  their  scent,  and  their  close  whorled  arrangement  renders 
them  conspicuous  to  the  eye,  still  more  in  the  case  of  the  large- 
flowered  hermaphrodite  than  the  smaller  female  plants.  I  have 
verified  by  direct  observation  in  the  case  of  Mentha  the  opinion 
to  which  I  shall  recur  in  describing  Nepeta  and  Thymus,  that 
insects  visit  the  more  conspicuous  flowers  before  tliose  that  are 
less  so ;  in  the  case  of  Nepeta  and  Thymus  I  have  neglected  to 
study  tliis  point  sufficiently. 

ViBitore  :  A.  Diptere— (o)  Stratiomt/irlft :  (1)  Odontnmyis  \-iridnIa,  F. 
(6)  SyrphUta- :  (2)  EriBtalis  sepulcralia,  L.,  very  ab,  j  fX)  Syrilta  pipienn,  L., 
ab.  i  (4)  MelithreptuB  scriptufi,  L.  ;  (5)  M.  taniatiiB,  Mffn.,  bolli  not  rare,  b. 
(f)  JUairuitr :  (6)  Onraia  floraiif,  R.  D.  ;  (7)  O.  Pepnkmh'fl,  M^-n.,  bolli  ah. 
(8)  Luciliasilvarum,  Mgn. ;  (9)  L.  coraicina,  F.  ;  (10)  Pyrellia  cadaverina,  L. 


PART  III.]  THE  MECHANISMS  OF  FLOWERS.  471 

(1 1)  L.  albiceps,  Mgn.,  the  last  four  species  not  rare.  B.  Lepidoptera — Rho- 
ptilocera :  (12)  Satyrus  Janira,  L.  All  these  insects  sucked  honey  only, 
though  I  expected  to  see  the  Syrphidae  at  least  eating  pollen. 

338.  Mentha  aquatica,  L.  (if.  hirsuta,  Sm.). — While  in  Mentha 
arrensis  small-flowered  female  and  large-flowered  hermaphrodite 
flowers  occur  in  nearly  equal  numbers,  in  M,  aquatica  the  former 
are  much  rarer  than  the  latter.  In  the  hermaphrodite  flowers  the 
tube  is  4  to  5  mm.  long,  and  about  2  mm.  -wide  at  the  mouth ; 
otherwise  the  flower  resembles  that  of  M,  arvensis.  Although, 
owing  to  the  greater  length  of  the  tube,  the  honey  is  slightly  less 
accessible  than  in  M,  arvensis,  insect- visits  are  more  numerous, 
owing  to  the  taller  stalks  and  the  larger,  denser  heads  of  flowers. 

Visitors  :  A.  Hymenoptera — (a)  ApidoR :  (1)  Halictus  cylindricus,  F.  $  ;  (2) 
H.  maculatus,  Sm.  (J ,  both  ab.  ;  (3)  H.  longulus,  Sm.  $  ;  (4)  H.  nitidiusculus, 
K.  (J,  all  8.  ;  (6)  Ichneumonidce :  (5)  Various  sp.,  some  creeping  bodily  into 
the  flowers.  B.  Diptera — (a)  Empidee :  (6)  Empis  rustica,  Fallen  ;  (7)  E. 
livida,  L.,  both  ab.,  s.  ;  (8)  E.  tesselata,  F.,  do.  ;  (6)  Syrphidce :  (9)  Ascia 
podagrica,  F.,  s.  ;  (10)  Eristalis  nemorum,  L.  ;  (11)  E.  arbustorum,  L. ;  (12) 
E.  ajneus,  Scop.  ;  (13)  E.  sepulcralLs,  L.,  all  four  very  ab.,  sometimes  s.,  some- 
times f.p.  ;  (14)  Syritta  pipiens,  L.,  ab.  ;  (15)  Helophilus  pendulus,  L.,  ab. ; 
(16)  H.  trivittatus,  F.  ;  (17)  SyTi)hus  pyrastri,  L.,  ab.  ;  (18)  Mclanostoma 
mellina,  L.,  ab.,  these  also  both  s.  and  f.p.  ;  (c)  Muscidce :  (19)  Onesia  floralis, 
R.  D.  ;  (20)  O.  sepulcralifl,  Mgn.  ;  (21)  Sarcophaga  carnaria,  L.  ;  (22)  Musca 
corviua,  F.,  all  four  very  ab.  ;  {d)  Tabanidcn  :  (23)  Chrysops  ccccutiens,  L.,  a, 

Delpino  considers  Mentha  and  Coletis,  Lour.,  degraded  forms  of 
the  Labiate  type  (No.  178,  p.  143;  360,  p.  656);  he,  however, 
gives  no  reason  for  thinking  them  to  be  such,  and  not  rather  less 
specialised  forms,  differing  less  from  the  common  ancestors  of 
the  Labiates. 

The  flower  of  Coleus  {Blmnei,  Benth.  ?)  is  figured  and  described 
in  No.  560,  III. 

339.  Lycopus  EUROPiEus,  L. — The  corolla  forms  a  bell  3  to  4 
mm.  long,  2^  mm.  wide  at  the  mouth,  but  scarcely  1  mm.  wide  at 
the  base.  Honey  is  secreted  by  the  yellow  fleshy  base  of  the 
ovary ;  it  is  accessible  to  very  short-lipped  insects,  and  is  sheltered 
from  rain  by  long  hairs  which  project  from  the  sides  of  the  bell 
towards  its  centre.  Some  purple  spots  on  the  under  lip  serve 
as  guides. 

The  flowers  are  markedly  proterandrous.  When  the  two 
anthers  which  project  from  the  tube  come  to  maturity,  the  two 
stigmas  still  lie  folded  together  (Fig.  160,  1).     When  the  stigmas 
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separate,  the  aothers  are  already  withered  and  bent  downwards. 
The  wide  space  between  the  anthers  and  stigmas  seems  sufficient 
to  prevent  self-fertilisation  even  without  the  help  of  proterandry. 

In  spite  of  the  small,  inconspicuous  flowers,  insect-visitors  are 
numerous  and  varied. 

While  in  Salvia  the  abortion  of  two  stamens  may  be  explained 
by  the  development  of  the  lever-mechanism  which  they  would 
have  interfered  with,  in  Lycopus  their  disappearance  is  due  simply 
to  the  small  size  of  the  flower ;  and  though  only  two  are  present, 
the  small  size  of  the  flower  causes  every  insect  to  come  in  contact 
with  them.     The  same  explanation  holds  good  for  Veronica,  whose 


a',  ditto,  nitbi 
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flowers  are  the  smallest  among  Scropliularincx  as  those  of  Lycopus 
are  among  Labiates. 

Visitors;  A.  Hymenoptera — Venpida :  (1)  Polistiyi  gullica,  L.,  and  var. 
diadema,  b.,  fre<i.  (Thur.).  B.  Diptera— (c)  St/rphiiio' :  (2)  Melilhreptus 
•criptUB,  L.,  8.  and  f.p.  ;  (3)  Sjritta  pipiena,  L.,  very  ab.,  h.  and  f.p.  ;  (6)  Mu- 
tcida .-  (4)  Lucilift  silvarum,  Mgn.  j  (5)  L.  comicina,  F.,  both  s,,  freq.  ;  (6) 
Sarcophogaaibtcepa,  Mgn.,  ab.,  b.  ;  (T)  PolleniaVespillo,  F.,b.  Also  many  small 
gnate  IJ  mm.  long.  C.  Hemiptera — (8)  Some  undetermined  species  of  bugs. 
D.  Lepidoptera— (9)  Adela  sp.,  e.    E.  Thyaanoptera— (10)  Thrips,  very  ab. 

340.  Thymus  Serptllum  (L.),  Fr. — Our  two  species  of  Thymus 
have,  like  Nepeta,  stocks  of  two  kinds,  one  with  large  herma- 
phrodite, the  other  with  small  pistillate  flowers. 

Hildebrand  (35 1)  has  sought  to  ascribe  the  origin  of  the  small- 
flowered  female    plants  to  the   proterandrous  condition  of   ihe 
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hennaphrodite  ones ;  his  theory  rests,  if  I  understand  it  rightly, 
upon  the  two  following  arguments.  Since  no  stigmas  are  mature 
at  the  time  when  in  the  first  flowers  of  a  proterandrous  plant  the 
stamens  dehisce,  these  stamens  are  of  no  use  to  the  plant,  and  since 
all  economy  of  useless  organs  is  advantageous  to  the  plant,  the 
stamens  of  the  first  flowers  of  proterandrous  plants  can  be  abolished 
by  Natural  Selection,  This  reasoning  is  undeniably  correct,  but  it 
apphes  only  to  the  first  flowers  of  proterandrous  plants,  and  not  to 


J—3—Tkfmia  StrptUHn.  Fr. 
— lIcniMpbrodlta  t»wfi.  In  I1iit~( 
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the  female  stocks  of  Thymus  which  bloom  all  summer  beside  the 
hermaphrodite  ones.  This  in  my  opinion  is  only  to  be  explained  in 
the  way  that  I  have  suggested  in  the  case  of  Kepeta  (p.  484).  The 
variability  in  size,  which  my  theory  presupposes,  is  present  in  our 
two  species  of  Thymus,  as  in  Nepeta,  to  such  a  degree  that,  while 
the  largest  hermaphrodite  flowers  (Fig.  161, 1, 2)  are  several  times  as 
large  as  the  smallest  female  (Fig.  161, 3),  the  smallest  hermaphrodite 
and  the  largest  female  flowers  are  nearly  equal  in  size.   The  flowers 
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ou  the  same  stock,  on  the  contrary,  are  all  much  of  the  same  size, 
as  my  explanation  requires,  but  the  hermaphrodite  flowers  enlarge 
in  passing  from  the  first  (male)  to  the  second  (female)  stage.  The 
certainty  of  cross-fertilisation,  which  is  also  necessary  for  my  theory, 
is  in  a  high  degree  a  character  of  Thymus ;  for  the  honey  is  ex- 
ceedingly abundant  and  has  an  aromatic  taste,  the  base  of  the 
ovary  by  which  the  honey  is  secreted  {n,  5,  6)  ip.  many  times  as 
large  as  the  ovary  itself,  the  aggregation  of  the  flowers  and  their 
strong  scent  reveal  them  to  insects  and  permit  insects  to  visit 
many  with  little  loss  of  time,  and  from  the  reproductive  organs 
protruding  beyond  the  corolla  many  flowers  may  be  fertilised  at 
once  as  the  insect  clambers  over  the  inflorescence.  The  tube  is 
smooth  at  the  base  where  the  honey  lies,  and  lined  with  hairs  above 
to  exclude  rain ;  it  is  only  a  few  millimetres  long  (2^  to  4  mm.  in 
T.  Serpyllim),  so  that  the  honey  is  accessible  to  a  great  variety  of 
insects.  Self-fertilisation  was  impossible  in  all  the  flowers  that  I 
have  examined,  for  the  style,  which  in  the  first  stage  is  short  and 
overtopped  by  the  anthers  (Fig.  161,  1,  5),  elongates  and  grows 
out  beyond  the  anthers  before  its  two  divisions  with  the  stigmatic 
papillae  at  their  tips  spiead  apart.^ 

Darwin  found  the  female  form  very  much  more  productive  than 
the  hermaphrodite,  both  in  T.  Serpyllum  and  T.  vulgaris. 

While  Darwin  in  England,  Hildebrand  in  the  Rhine  Provinces, 
Ascherson,  according  to  his  Flora,  in  Brandenburg,  and  I  in 
Westphalia  and  Thuringia,  have  only  observed  the  two  forms,  female 
and  hermaphrodite,  of  this  plant,  Delpino,  near  Florence,  has 
found  the  plant  trimorphic :  he  states  that  it  consists  there  of 
hermaphrodites  with  both  stamens  and  pistil  equally  developed ; 
of  others  with  greatly  developed  stamens  and  the  pistil  in  every 
stage  of  abortion,  or  even  absent ;  and  finally,  others  with  greatly 
developed  pistil  and  more  or  less  aborted  stamens  (No.  173,  p.  7). 
In  England  also  there  seems  to  be  a  passage  towards  purely  male 
flowers,  for,  according  to  Dr.  Ogle  (No.  632,  p.  54),  in  many  of  the 
hermaphrodite  flowers  the  stigma  never  reaches  maturity.  With- 
out accurate  information  concerning  the  size  of  the  flowers,  the 
time  of  their  development,  the  frequency  of  insect-visits,  and  the 
relative  distribution  of  the  two  forms,  all  attempts  at  explanation 
must  be  unsatisfactory. 

Visitors :  A.  Hymenoptera — (a)  Apidm :  (1)  Apis  mellifica,  L.  9  >  "•  a^^d 
cp.,  ab.  ;  (2)  Bombus  pratorum,  L.  9 1  do. ;  (3)  Saro])()da  bimaculata,  Pz.  9  c? » 

^  Compare  my  account  of  Kepda   Olechoma,   jk  484,   and   Darwin's  account  of 
Thymus,  Ko.  167,  p.  300. 
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ab. ;  (4)  Andrena  ni^Toamea,  K.  9,8.;  (5)  Megachile  cifcumcincta,  K.  (J ,  s.  ; 
(6)  Nomada  germanica,  Pz.  9 ,  ».  ;  (7)  CoDlioxys  sp.  (J ,  s.  ;  (6)  Spheyida>  : 
(8)  Ammopliila  sabulcwa,  L.  ?  c?>  ^>  ^^'  J  (^)  Cerceris  variabilis,  Schr.  ?  (J, 
!*.  ;  (10)  Lin(leniu8  albilabris,  F.,  a.  B.  Diptera — (a)  BomhyUdfe :  (11)  Sys- 
tcDchus  sulfureiiB,  Mik.,  r.  ;  (Jh)  Syrph'ida :  (12)  Eriatab'a  arbuBtorum,  L.,  very 
ab.,  8.  ;  (13)  E.  sepulcralia,  L.,  8.  ;  (14)  Syritta  pipiens,  L.,  s.,  ab.  ;  (15)  Voln- 
cella  bombylaiis,  L.,  s.  ;  (r)  Conopxdir :  (16)  Conops  flavipea,  L.,  s.  ;  (17)  SicoB 
ferrugineuB,  L.,  s.  ;  (18)  Myopa  testacea,  L.,  s. ;  (d)  Mmcid(r :  (19)  Lucilia 
comicina,  F.  ;  (20)  Ecbinomyia  te^selata,  F.  ;  (21)  Gymnosoma  rotundata,  L. ; 
(22)  Ocyptera  brassicaria,  F,  ab.  ;  (23)  Sarcopbaf^a  camaria,  L.,  very  ab.  ;  (24) 
S.  albicepB,  Mgn.,  very  ab.,  all  only  sucking.  C.  Lepidoptera — (a)  Rhopalo- 
cera :  (25)  Satyrus  panipliiliis,  L.  ;  (26)  S.  Janira,  L.  ;  (27)  Argynnis  Aglaia, 
L.  ;  (28)  Lycajna  icnnia,  Rott.  ;  (6)  Sphinges :  (29)  Sesia  empiformis,  Esp 
(Almethal) ;  (30) ^S.  tipiiliformis,  L., — all  sucking.  See  also  No.  590,  iii.,  and 
No.  609. 

I  have  observed  altogether  on  T.  Scrpyllum  : — 


In  the  Lowlaiuls 


In  the  Alps  .. 


ApidiT. 


17 


25 


I<ci>i(loptera.      Diptura.      Other  InHccts        Totid.       1 


20 


05 


30 


30 


72 


122 


In  every  100  insect-visitors  there  are,  therefore  :- 


Apide.         I^'pidoptera. 


In  the  Lowlands 


,  In  the  Alps  ... 


23*6 


20-6 


27  7 


53-2 


Diptera. 


41-6 


other  Iniectfl. 


6-9 


Total. 


99-9 


24-6 


1-6 


99-9 


341.  Thymus  vulgaris,  L. — I  have  observed   the   following 
visitors  in  my  garden : — 

A.  Hymenoptera — (a)  Ajndce:  (1)  Apis  mellifica,  L.  9>  s.  ;  (2)  Halictns, 
small  species,  s.  and  c.p.  ;  (/>)  Sphegultp :  (3)  Ammophila  sabulosa,  L.  ?  (J ,  s. 
B.  Diptera — (a)  Empidcp  :  (4)  Empis  livida,  L.,  s.  ;  (6)  Syrphidce  :  (5)  Syritta 
pipiens,  L.,  s.  and  f.p.,  ab. ;  (c)  Muscida :  (6)  Sarcophaga  albiceps,  Mgn.,  s., 
ab.     C.  Lepidoptera — Sphinges :  (7)  Sesia  tipuliformis,  L.,  s. 


342.  Origanum  vulgare,  L. — This  plant  agrees  with  Thymus 
in  consisting  of  large-flowered  proterandrous  hermaphrodite,  and 
small-flowered  female  individuals,  and  in  the  whole  mechanism  of 
the  flowers ;  and  if  it  is  inferior  to  Thymus  in  perfume  and  in  the 
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taste  of  its  honey,  it  has  a  compensating  advantage  in  its  large 
flowers  crowded  more  closely  together  on  higher  stalks.  The 
plant  has  lost  the  power  of  self-fertilisation.  Though  the  flower 
is  larger  than  that  of  Thymus,  the  tube  is  short  enough  (in  the 
hermaphrodite  flowers  4  to  5  mm.,  in  the  pistillate  3  to  4  mm., 
long)  to  permit  a  great  variety  of  insects  to  reach  the  honey.  My 
shorter  list  of  visitors  is  due  to  my  having  had  much  less  opportunity 
of  watching  the  plant. 

Visitors  :  A.  Hymenoptera — Apidct :  (1)  Bombus  terrestris,  L.  ?  ;  (2) 
Apis  mellifica,  L.  9  >  freq- ;  (3)  Halictus  cylindricus,  F.  $ ;  (4)  H.  albipes, 
F.  (J ,  both  species  very  ab.  ;  (5)  H.  nitidus,  Schenck,  ^ ,  all  sucking.  B. 
Diptera — (a)  Emptdce :  (6)  Empis  livida,  L. ;  (7)  E.  rustica,  Fallen,  both  very 
ab.,  8.  ;  (6)  Syrphida :  (8)  Ascia  podagrica,  F.,  f.p.,  ab. ;  (9)  Eristalis  arbu- 
Btorum,  L.,  s.  and  f.p.,  ab.  ;  (10)  E.  uemorum,  L.,  do. ;  (11)  Helophilus  pen- 
duliis,  L.,  8. ;  (c)  Conopidce :  (12)  Sicus  ferrugineus,  L. ;  (13)  Myopa  polystigma, 
Rbndani  ;*  (14)  M.  variegata,  Mgn.,  all  three  sucking ;  {d)  Muscidcg :  (15) 
Ocyptera  brassicaria,  F.  ;  (16)  0.  cylindrica,  F.,  both  very  ab.  ;  (17)  Prosena 
siberita,  F.,  ab.,  all  three  a  C.  Lepidoptera — Rhopalocera :  (18)  Satyrus 
Janira,  L.,  s.  ;  (19)  S.  hyperanthus,  L.,  &  See  also  No.  590,  m.,  and 
No.  609. 

ScUureia  hortensis,  L.,  is  gynodioecious,  and  the  female  flowers 
are  much  more  productive  than  the  hermaphrodite  (Darwin,  No. 
167  ;  for  list  of  visitors  see  No.  590,  III.). 

343.  Calamintha  Clinopodium,  Spenner  (C.  vulgare,  L.). — 
The  nectaries  and  honey-receptacle  are  formed  on  the  ordinary 
Labiate  type.  The  corolla-tube  is  10  to  13  mm,  long,  and  is  often 
filled  for  a  space  of  3  mm.  with  honey. 

The  inferior  division  of  the  style  forms  a  broad,  lanceolate 
lamina,  which  is  bent  downwards  and  bears  no  distinct  stigmatic 
papillae ;  the  upper  is  much  narrower  and  shorter,  and  of  very 
varying  size.  There  is  still  more  striking  variability  in  the 
development  of  the  stamens,  some  or  all  of  them  being  partially 
or  completely  aborted  in  many  flowers.  This  is  remarkable  because 
it  shows  us  how  Natural  Selection  could  have  operated,  and  must 
have  operated  if,  together  with  the  proterandrous  condition,  there 
came  into  existence  small-flowered  plants  which  were  visited  as  a 
rule  after  the  others. 

Visitors  :  Lepidoptera — Rhopalocera :  (1)  Pieris  brassicoe,  L.  (15),  not  rare ; 
(2)  Satyrus  hyperanthus,  L. , — both  species  b.     See  also  No.  609. 

Calamintha  Nepcta,  Sav.,  is  gynodioecious,  and  visited  by  bees 
and  butterflies  (609,  734). 
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344.  Calamintha  Acinos,  L.  : — 

Visitors  :  A.  Hyinenoptera — Apidce :  (1)  Apis  mellifica,  L.  § ,  s.  and  c.p., 
ab.  (Thur.).  B.  Diptera  —Bomhylida :  (2)  Systoechus  sulfureus,  Mik.,  a. 
(Thur.). 

Calamintha  alpina,  Lam. — Both  large-flowered  and  small- 
flowered  plants  occur,  the  flowers  of  both  being  hermaphrodite 
and  proteran(lrous,  but  only  the  small  flowers  being  capable  of 
spontaneous  self-fertilisation. 

The  plant  is  visited  by  SyrphidsB  and  by  a  great  number  of 
bees  and  Lepidoptera  (584,  609). 

Horminum  jyyrenaicum,  L. — The  dark-blue  colour,  the  odour, 
and  the  very  abundant  honey  attract  numerous  insects,  while  the 
marked  proterandry  renders  self-fertilisation  impossible  (No.  609, 
fig.  125). 

345.  MoNARDA  DIDYMA,  L. — I  have  seen  this  plant  visited  by 
Plusia  gamma,  L. 

Monarda  ciliata  (?)  is  adapted  for  fertilisation  by  SphingidaB 
(228). 

Rosmarinus,  L.,  according  to  Delpino,  is  proterandrous,  and  the 
stigma  comes  to  take  the  place  of  the  anthers  (178). 

346.  Salvia  pratensis,  L. — The  remarkable  mechanism  of 
this  flower,  and  the  way  in  which  it  is  fertilised  by  humble-bees, 
was  so  thoroughly  explained  and  figured  by  Sprengel  ^  that 
Hildebrand,  in  his  work  on  Salvia  (345),  has  described  nothing 
new,  except  the  proterandrous  condition,  which  Sprengel  had 
overlooked. 

Honey  is  secreted  by  the  yellow,  fleshy  base  of  the  ovary.  The 
corolla  is  horizontal ;  the  under  lip  forms  a  convenient  platform 
for  insects,  and  the  erect,  helmet-shaped  upper  lip  incloses  the 
anthers.  In  the  first  stage,  the  style,  with  its  stigmatic  branches 
still  folded  together,  protrudes  almost  horizontally  from  the  upper 
lip,  in  the  second  it  points  downwards  with  divergent  and  recurved 
stigmas.  The  entrance  to  the  tube  is  guarded  by  two  lamellaB 
which  converge  and  coalesce  with  one  another  anteriorly ;  these 
lamellae  are  attached  to  the  inferior  limbs  of  the  enormously  long 
connectives  of  the  two  stamens,  and  are  produced  by  meta- 
morphosis of  the  inferior  anther-lobes;  the  other  and  much 
longer  limb  of  each  of  the  two  connectives  rises  up  under  cover  of 


1  •- 


702,  pi.  I.  figji.  18,  24-83,  3P,  42. 
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the  upper  lip,  and  there  bears  the  other,  pollen-producing  anther- 
lobe.  Since  the  connectives  are  easily  movable  about  their 
fulcrums  on  the  short,  outwardly-directed  filaments,  the  two 
laminaB  are  rotated  backwards  and  upwards,  the  anther-lobes 
(hitherto  concealed  within  the  upper  lip  and  coated  on  their  lower 
surfaces  with  pollen)  forwards  and  downwards,  when  a  bee's  head 
enters  the  tube.  The  movement  of  the  laminae  leaves  the  path  to 
the  honey  free,  that  of  the  longer  limbs  of  the  connectives  brings 
the  anther-lobes  down  upon  the  bee's  back.  When  the  bee  with- 
draws its  head,  the  connectives  with  their  laminae  resume  their 
former  position.     In  old  flowers  the  bee  first  touches  the  papillar 


¥iQ.  162.^Salvia  pratensii,  L. 

1. "Flower,  from  tlie  right  side. 

S.— Stamens,  seen  obliquely  (x  2). 

a,  filament ;  b,  upper  arm  of  the  connective :  e,  lower  arm  of  ditto ;  d,  superior  anther-lobes  ; 
^  Inferior  ditto,  transformed  into  a  lamina  closing  up  the  tube  ;  /,  point  of  cohesion  of  the  two 
inferior  anther-lobes :  g.  style  in  first  stage  ;  ^,  style  in  second  stage.  The  dotted  line  b'd'  indicates 
U^e  position  of  the  anUiers  when  rotated  forwards. 


sides  of  the  recurved  branches  of  the  now  downward-pointing  style. 
The  superior  pair  of  anthers  in  this  and  in  all  the  other  species 
of  Salvia  is  present  in  the  form  of  small  and  quite  useless 
rudiments,  easily  intelligible  as  an  inheritance  from  didynamous 
ancestors. 

Humble-bees  were  stated  to  be  the  fertilising  agents  by 
Sprengel  and  Hildebrand,  but  the  species  were  not  determined. 
The  plant  does  not  occur  at  Lippstadt,  and  I  only  possess  in  my 
garden  a  single  plant,  of  a  pink  variety,  found  by  my  father  at 
Muhlberg,  Erfurt,  so  I  have  had  little'  opportunity  of  observing  its 
insect-visitors.     As  normal  visitors  which  proceed  in  tlie  manner 
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described   above,   and    effect   cross-fertilisation  regularly,    I  have 
only  noted  the  following  : — 

(1)  Bombus  silvarum,  L.  9  fi^^d  9  ;  (2)  Osmia  nifa,  L.  9  ;  (3)  Anthidium 
manicatum,  L.  9  (very  freq.)  ;  (4)  Megachile  pyrina,  Lep.  (fasciata,  Sm.),  (J, 
all  sacking  normally. 

Among  useless  visitors  Sprengel  mentions  (p.  61)  cabbage-white  butterflies, 
which  insert  their  proboscis  in  the  small  space  between  the  lower  anther-lobes 
and  the  corolla,  and  obtain  the  honey  without  effecting  fertilisation.  I  have 
seen  Plusia  gamma,  L.,  acting  in  the  same  way,  I  have  also  seen  small  bees  in 
abundance  (Prosopis  communis,  Nyl.  (J  9 »  Halictus  sexstriatus,  Schck.  9  >  H. 
nitidus,  Schck.  9  >  H.  nitidiusculus,  K.  9 »  H.  morio,  F.  9 )  creeping  into  the 
flowers  and  reaching  the  honey  without  causing  more  than  a  slight  and  ineffectual 
movement  of  the  levers.  The  position  of  the  anthers  quite  prevents  flies  from 
stealing  the  pollen  of  this  flower,  and  I  have  never  observed  a  bee  sweeping 
the  anthers  with  its  tarsal  brushes.  Delpino  (No.  567,  pp.  9,  10)  unjustly 
questions  my  statement  "  that  in  Salvia  the  anthers  are  more  or  less  protected 
from  insects,  which  are  restricted  mainly  or  exclusively  to  the  honey."  A 
further  list  of  visitors  in  Low  Germany  (twelve  Apidae,  two  Bombylidae)  is 
given  in  Xo.  590,  in.  On  the  Alps  I  have  seen  the  flowers  visited  by  the 
hive-bee,  by  six  humble-bees,  eleven  Lepidoptera,  and  Rhingia  (609). 

This  species  is  gynodicecious.  In  addition  to  the  large-flowered 
hermaphrodite  plants,  small -flowered  female  plants  occur,  in  whose 
flowers  the  now  functionless  lever-apparatus  shows  all  degrees  of 
abortion. 

This  species  is  remarkable  above  all  other  cases  of  gynodioecism, 
because  it  shows  us  the  gradual  abortion  of  all  the  stamens  of  a 
flower  in  four  distinct  stages :  (I)  The  first  of  the  five  stamens, 
which  must  have  been  placed  in  the  median  line  of  the  corolla 
superiorly,  and  is  still  present,  more  or  less  altered,  in  many  Scro- 
phularineae  (Scrophularia,  Pentstemon),  had  already  disappeared  in 
the  common  ancestors  of  the  Labiates.  (2)  The  two  upper  stamens 
of  the  remaining  four  were  reduced  to  tiny  stalked  knobs  in  the 
ancestors  of  the  genus  Salvia.  (3)  The  inferior  anther-lobes  of 
the  two  remaining  stamens  produce  pollen  to  a  greater  or  less 
extent  in  S,  ojficiiialis,  S,  j>orphyTantlia,  and  ^S'.  triangtdaris,  but  in 
S,  prakTisis  they  are  transformed  into  two  hollow  laminae  which 
coalesce  anteriorly.  (4)  In  the  small-flowered  female  form  of  S, 
irratens^iSy  the  superior  anther-lobes  also  have  become  useless,  and 
subject  to  degeneration  in  common  with  the  whole  of  the  lever- 
apparatus  (570,  vol.  xvi.;  609). 

Salvia  Sclarea,  L.,  S,  CDthiopica,  S,  argenteu,  L.,  S,  virgaia. 
Ait.,  8,  pendula,  Vahl.,  and  S,  ruhrUy  Spr.,  have  the  same  mechan- 
ism according  to  Hildebrand  as  S.  pratensis.  In  S,  mUans,  L. 
(Hild.  figs.  4-7),  on  the  other  hand,  the  rotation  of  the  connectives 
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is  much  less,  and  therefore  the  anther-lobes  emei'ge  much  less  from 
the  upper  lip ;  but  the  flowers  form  pendulous  racemes  and  are 
therefore  inverted,  and  accordingly  the  insects  settle  on  the  upper 
lip  and  are  dusted  with  pollen  ventrally  by  the  slightly  protruding 
anthers.  In  S,  splaidens  (345,  figs.  8  and  9)  the  inferior  anther- 
lobes  form  simple  lamellae  (not  bent  inwards  anteriorly),  which 
coalesce  with  one  another  for  almost  their  entire  length.  All 
these  species  agree  in  other  respects  in  their  floral  mechanisms, 
and  are  all  alike  proterandrous. 

On  the  other  hand,  S.  Grahami,  Benth.  (345,  figs.  10-12),  has 
homogamous  flowers  with  a  short  style  scarcely  overtopping  the  an- 
thers; in  S.  lav/ieolata  (345,  figs.  13-14),  which  is  also  homogamous, 
the  inferior  stigmatic  lobe  lies  between  the  anthers,  and  exposed  to 
self-fertilisation.  In  S,  hirsuta  (345,  figs.  15-17),  the  inferior  stigma 
is  very  broad,  and  recurved  backwards  so  as  to  press  against  both 
anthers  and  regularly  to  eflfect  self-fertilisation,  which,  according 
to  Hildebrand's  experiments,  is  fully  productive. 

347.  Salvia  officinalis,  L. — Sprengel  described  and  figured 
the  mechanism  of  this  species  also,  noting  its  proterandrous  con- 
dition, and  he  saw  it  visited  by  bees ;  but  Hildebrand's  description 
(345)  is  much  more  thorough.     The  chief  points  in  which  this 


Fio.  163.— 'Salvia  oJIMnalU,  L. 

Flower,  after  removal  of  the  right  hnlf  of  the  calyx  and  corolla. 

a—g,  as  in  Fig.  162  ;  h^  nectary ;  i,  ovary  ;  k,  alwrtive  anther ;  I,  hairs  to  guard  the  honey. 

species  differs  from  S.  prateims  are  as  follows :  the  two  arms  of 
each  connective  are  much  shorter,  and  the  lower  one  is  not 
metamorphosed  into  a  lamella,  blocking  the  entrance  of  the  flower, 
but  is  formed  like  the  upper,  though  smaller ;  it  usually  bears  an 
anther-lobe  filled  with  pollen,  but  always  much  smaller,  and  con- 
taining only  a  quarter,  or  at  most  half  as  much  as  the  upper 
lobe  :  sometimes  it  is  altogether  abortive.  In  correspondence 
with  the  shortness  of  the  upper  arm  of  the  connective,  the  upper 
lip  is  also  short,  but  broad  enough  to  protect  the  wide  entrance  of 
the  flower  from  rain.  Both  anther-lobes  of  both  stamens  stand  in 
the  mouth  of  the  flower,  the  superior  slightly  above  and  in  front 
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of  the  inferior,  and  the  two  connectives  lie  so  close  together  that 
one  moves  with  the  other.  A  bee  in  entering  first  thrusts  its  head 
against  the  two  inferior  anther-lobes,  and  thus  causing  the  connec- 
tives to  rotate,  it  is  immediately  afterwards  struck  on  the  back 
by  the  two  superior  anther-lobes.  The  pollen  thus  placed  on  the 
bee's  head  and  back  is  rubbed  off  in  older  flowers  upon  the  two 
stigmas,  which  are  divergent  and  much  bent  downwards. 

Dr.  Ogle  gives  a  very  detailed  description  of  this  species  of 
Salvia  (631),  and  rightly  lays  stress  upon  the  following  additional 
points  as  special  adaptations:  (1)  the  convexity  of  the  upper  lip, 
which  causes  the  growing  style  to  take  such  a  direction  that  after- 
wards its  outspread  stigmas  must  come  in  contact  with  the  bee's 
back ;  (2)  the  bulging  of  the  upper  wall  of  the  anterior  part  of  the 
tube,  which  gives  the  inferior  anther-lobes  free  play  when  the 
connectives  rotate ;  (3)  the  shortness  and  stiffness  of  the  filaments, 
which  give  a  steady  fulcrum  for  the  connectives  ;  (4)  the  divergence 
of  the  filaments,  which  leaves  a  free  entrance  for  the  bee. 

Besides  the  hive-bee,  which  Sprengel  and  Hildebrand  also  saw, 
I  have  observed  Bomhns  silvarum,  L.  ?,  Anfhophora  cestivalis^ 
Pz.  ?,  Anthidium  manicatum,  L.  ?,  Osmia  ru/a,  L.  9,  as  regular 
fertilisers  ;  all  were  sucking  honey  exclusively.  Of  useless  guests, 
Hildebrand  observed  a  butterfly,  which  could  easily  reach  the 
honey  with  its  proboscis  without  dusting  itself  with  pollen.  I 
have  seen  a  small  species  of  bee  with  abdominal  collecting- 
brushes,  Chelostoma  campanularum,  $  <J ,  repeatedly  creeping  in  and 
out  of  the  flowers  without  being  dusted  with  pollen ;  and  Herr 
Borgstette  sent  me,  from  Teklenburg,  Frosopis  communis,  Nyl.  $ , 
which  he  had  caught  on  the  flowers.  A  further  list  of  visitors  is 
given  in  No.  590,  III. 

According  to  Delpino,  the  anthers  of  S.  officinalis,  like  those 
of  Sideritis,  are  provided  with  sticky  glands  (178). 

Salvia  porphyrantha  resembles  S.  officinalis  in  the  arrangement 
of  its  connectives,  and  in  the  inferior  anther-lobes  being  filled 
with  pollen,  though  with  a  smaller  quantity  than  that  present  in 
the  superior  lobes.^ 

Salvia  glutinx)sa,  L.,  according  to  Dr.  Ogle  (631),  differs  from 
S,  officinalis  in  that  the  inferior  anther-lobes  are  quite  barren  and 
are  withdrawn  within  the  tube,  and  that  the  inferior,  not  the 
superior,  side  of  the  anterior  part  of  the  tube  bulges  out.  It  is 
fertilised  by  large  humble-bees;  small  humble-bees,  and  hive- 
bees  whose  proboscis  is  too  short  to  reach  the  honey  legitimately, 

^  According  to  Mr.  T.  H.  Cony. 

I  I 
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bite  a  hole  in  the  superior  side  of  the  tube  immediately  over  the 
nectary  and  steal  the  honey.  Dr.  Ogle  found  90  per  cent,  of  the 
flowers  bitten  through,  and  I  have  always  found  the  flowers  bitten 
through  and  robbed  of  their  honey  by  an  Alpine  robber-bee,  Bombus 
mastrucatiis,  Gerst.  9  (609). 

Salvia  nilotica,  Vahl.  (345,  figs.  24,  25). — The  main  point  in 
which  the  flowers  differ  from  those  of  S.  officinalis  is  that  the  two 
inferior  anther-lobes  lie  freely  side  by  side,  and  the  connectives 
can  be  caused  to  revolve  separately.  Hildebrand  saw  them  visited 
by  bees. 

S.  verticillata,  L.  (345,  figs.  26-30;  172),  has  immovable  con- 
nectives, but  an  upper  lip  which  folds  back  when  touched  by  an 
insect-visitor,  and  exposes  the  two  superior  anther-lobes  to  contact 
with  it.  The  style,  which  would  hinder  this  movement  if  in  its 
usual  place,  is  lower  down.  Hildebrand  saw  this  species  also 
visited  by  bees.  According  to  Delpino,  the  anthers,  like  those  of 
Sideritis  and  of /S.  officinalis,  are  provided  with  sticky  glands  (178, 
p.  145).  S.  verticillata  is  visited  by  numerous  species  of  bees  and 
humble-bees  (590,  ill. ;  609). 

In  S.  patens,  Gov.  (172,  345,  fig.  31),  the  anthers  project  partly 
or  entirely  beyond  the  upper  lip.     The  connectives  are  versatile, 
and  the  lower  anther-lobes  are  metamorphosed  into  lamellae ;  the 
style  is  so  fixed  between  the  upper  arms  of  the  connectives  that 
when  the  connectives  revolve  it  is  carried  forwards  and  downwards 
with  them,  and  its  stigma,  which  projects  beyond  the  anthers,  is 
thus  brought  first  in  contact  with  the  insect's  back.    Ogle's  account 
(631)  agrees  with  Hildebrand's.     But  while  Hildebrand  considers 
self-fertilisation  and  cross-fertilisation  as  alike  possible.  Ogle  shows 
that  cross-fertilisation  is  insured.     When  an  insect-visitor  strikes 
the  lower  arm  of  the  connective,  its  back  is  touched  by  the  anthers 
and  a  little  farther  back  by  the  stigma,  and  the  space  between  the 
two  points  is  increased  by  the  lower  stigma  being  very  short  in 
comparison   with   the  upper.     As   the   insect   passes  further   in, 
anthers  and  stigma  rub  along  its  back,  but  no   pollen   from  the 
anthers  reaches  the  stigma  of  the  same  flower.     As  the    insect 
draws  back  anthers  and  stigma  return  to  their  places  below  the 
upper  lip;  in  the  next  flower  the, stigma  comes  in  contact  with 
a  part  of  its  back  already  dusted  with  pollen.      In  several  flowers 
Dr.    Ogle  found   the   style   shorter    than   the   anthers;    in  such 
flowers   insects    might  lead  to  self-fertilisation  as  well  as  cross- 
fertilisation.     Ogle  states  the  very  surprising  fact  that  the  honey 
in  8.  patens  is  not  secreted  by  the  base  of  the  ovary  as  is  usually 
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the  case  in  Labiates,  but  by  a  thick  tuft  of  glandular  hairs  on 
the  corolla,  immediately  above  a  constriction  which  completely 
shuts  off  the  lower  part  of  the  tube  that  usually  serves  as  a  honey- 
receptacle. 

In  S.  austriaca,  Jacq.  (345,  figs.  32-35),  the  anther-lobes 
stand  far  apart  and  project  beyond  the  upper  lip.  If  the  lower 
arms  of  the  two  connectives  are  thrust  inwards  the  upper  arms 
converge,  and  the  anther-lobes  (moving  downwards  and  forwards) 
strike  against  each  other  in  front  of  the  mouth  of  the  flower. 

S.  triangularis,  Thunb.  (345,  figs.  36-39),  has  immovable 
connectives,  almost  straight,  and  lying  parallel  to  the  long  axis  of 
the  flower;  they  have  a  fully-formed  anther-lobe  at  each  end.  The 
two  anterior  anther-lobes  project  from  the  mouth  of  the  flower,  and 
are  the  first  to  touch  the  insect's  back ;  the  two  posterior,  which 
stand  in  the  entrance,  touch  its  sides  immediately  afterwards. 
In  the  second  stage  the  stigma  stands  in  front  of  the  anterior 
anther-lobes,  and  is  touched  first  of  all  by  the  insect. 

S.  tnbijlora,  Sm.  (345,  figs.  40,  41). — The  mechanism  of  this 
flower  resembles  that  of  the  last-named  species  in  all  important 
points,  except  that  the  inferior  arm  of  each  connective  bears,  in- 
stead of  an  anther-lobe,  an  elongated  lamina  which  lies  in  contact 
with  the  upper  lip. 

348.  Salvia  silvestris,  L.,  agrees  on  the  whole  in  its  floral 
mechanism  and  in  its  proterandrous  condition  with  S.pratensis,  but 
its  flowers  are  so  much  smaller  that  a  proboscis  only  4  mm.  long 
suffices  to  reach  the  honey.  I  observed  as  its  natural  fertilisers  in 
Thuringia  :  (1)  Apis  mellijica,  L.  9  (6),  sucking  honey,  and  dust- 
ing tlie  top  of  its  head  with  pollen  and  afterwards  applying  it  to 
the  stigma  in  older  flowers;  (2)  a  wasp,  Psammophila  ajffinis, 
K.  $  (4),  in  abundance,  sucking  honey ;  and  as  useless  visitors, 
(3)  Pier  is  rapa\  and  (4)  P.  Tiapi. 

Salvia  cleistogama,  de  Bary  and  Paul,  when  transplanted  to 
Halle  from  Africa,  bore  only  cleistogamic  flowers  for  five  years 
(Ascherson,  10).  Ascherson  considered  that  the  plant  afforded  an 
example  of  continuous  self-fertilisation  ;  but  he  himself  afterwards 
observed  ordinary  open  flowers  (11). 

Scarlet  species  of  Salvia  in  South  Brazil  are  visited  very  abund- 
antly by  humming-birds  (Fritz  Mtiller,  Ko.  359);  so  likewise  are 
species  of  Salvia  in  the  Cordilleras  (Darwin,  No.  164,  p.  371). 

Salvia  spUiidens,  Sellow  (distinct  from  the  plant  described 
under  this  name  by  Hildebrand). — According  to  Mr.  W.  Trelease 

I  I  2 
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this  plant  is  very  abundantly  visited  by  humming  birds,  and  is 
adapted  for  them  in  the  following  characters  :  the  small  under  lip, 
scarcely  fit  for  a  standing-place,  the  very  large  amount  of  honey, 
and  the  bright  scarlet  colour  of  the  calyx  and  corolla  (735). 

349.  Nepeta  glecho^la,  Benth.  {Glechmn<i  hederacea,  L.). — 
In  the  small-flowered  female  form,  the  tube  is  6^  to  8  mm.  long, 
widening  in  the  anterior  half  to  a  diameter  of  only  I^  to  2^  mm. 
laterally,  and  rather  less  antero-posteriorly  :  in  the  large-flowered 
hermaphrodite  plants  the  tube  is  9  to  16,  usually  14  to  16  m^m. 
long,  and,  for  the  greater  part  of  the  anterior  half,  2^  to  4|^ 
mm.  broad,  being  slightly  less  in  the  antero-posterior  diameter. 
The  honey  in  the  small  female  flowers  is  accessible  to  all  our 
humble-bees,  while  the  large,  hermaphrodite  flowers,  by  widening 
anteriorly  to  admit  the  bee's  head,  render  their  honey  accessible  to 
all  except  B.  terrestris,  L. 

The  existence  of  plants  bearing  only  small  female  flowers  in 
Nepeta  and  also  in  Origanum,  Thymus^  Mentlia,  and  others,  is  not 
to  be  explained  merely  by  the  necessity  of  insuring  cross-fertilisa- 
tion ;  for  in  all  these  genera  cross-fertilisation  is  completely  pro- 
vided for  by  the  hermaphrodite  forms  alone.  But  the  following 
view  of  the  small-flowered  female  plants  is  intelligible : — 

Of  the  flowers  of  the  same  species  growing  together,  the  most 
conspicuous  are  first  visited  by  insects,  and  if  the  flowers  on  some 
plants  are  smaller  than  on  others,  perhaps  owing  to  scanty  nourish- 
ment, they  will  generally  be  visited  last.  If  the  plant  is  so  much 
visited  by  insects  that  cross-fertilisation  is  fully  insured  by  means 
of  proterandrous  dichogamy,  and  self-fertiUsation  is  thus  rendered 
quite  needless,  then  the  stamens  of  the  last-visited  small-flowered 
plants  are  useless,  and  Natural  Selection  will  tend  to  make 
them  disappear  because  the  loss  of  useless  organs  is  manifestly 
advantageous  for  every  organism. 

This  explanation  rests  upon  the  hypotheses,  (1)  that  the  flowers 
of  those  species  in  which  small-flowered  female  plants  occur  together 
with  large-flowered  hermaphrodite  plants  are  plentifully  visited 
by  insects  and  are  markedly  proterandrous ;  (2)  that  variation 
in  size  of  the  flowers  has  always  taken  place,  -  not  among  the 
flowers  on  a  single  plant,  but  between  the  flowers  on  different 
individuals. 

Both  hypotheses  are  well  founded.  For  (1)  the  flowers  of 
Nepeta,  Thymus,  Origanum,  and  Mentha  are  plentifully  visited 
by  insects  and  are  markedly  proterandrous,  while  proterandry  has 


PART  III.]  THE  MECHANISMS  OF  FLOWERS.  485 

been  quite  wrongly  ascribed  to  many  other  Labiates.  The  styles 
in  these  four  genera  are  still  applied  closely  together  after  the 
anthers  have  dehisced,  and  though  when  the  styles  separate  the 
anthers  may  be  still  coated  with  pollen,  self-fertilisation  is  pre- 
vented by  the  style  projecting  far  beyond  the  anthers.  In  species 
where  cross-fertilisation  is  less  perfectly  insured,  and  which  pro- 
duce seed  frequently  by  self-fertilisation,  the  smaller  hermaphrodite 
flowers  can  never  become  transformed  into  purely  female  flowers, 
since  their  anthers  are  always  of  real  service,  and  cannot  be 
removed  by  natural  selection.  And  (2)  it  cannot  be  doubted  that, 
in  Nejpcta,  Thymus,  Origanum,  and  Mentha,  the  size  of  the  flowers 
has  been  subject  to  great  variations,  since  the  same  condition 
occurs  even  now,  at  least  in  Nepeta  and  Thymus,  While  flowers 
of  the  same  age  on  a  single  plant  differ  little  in  size,  we  find  on 
different  plants  all  intermediate  grades  in  size,  between  the  smallest 
female  and  the  largest  hermaphrodite  flowers ;  and  the  largest  female 
flowers  are  quite  as  large  as  the  smallest  hermaphrodite. 

Darwin  ^  adduces  several  weighty  objections  to  this  view,  and 
my  own  observations  on  Centaurca  Jacca  also  militate  against  it. 
Darwin  prefers  to  ascribe  the  gynodioecious  condition  to  increased 
fertility.  He  supposes  that  either  some  individuals  tended  to  pro- 
duce more  seed,  and  consequently  less  and  less  poUen,  until  finally 
their  stamens  disappeared ;  or  else  that  the  stamens  of  certain 
individuals  began  to  show  a  tendency  to  abort,  and  that  these 
individuals  consequently  produced  more  seed. 

Visitors :  A.  Hymenoptera — Apidtr :  (1)  Bombus  agronini,  F.  ^  ?  (10 — 
15)  ;  (2)  B.  confusiis,  Schenck,  ?  (12—14)  ;  (3)  B.  lapidarius,  L.  5  (10—12)  ; 
(4)  B.  hortorum,  L.  5  ?  (18—21) ;  (5)  B.  pratoruni,  L.  ?  (11—12)  ;  (6)  B. 
Rajellus,  111.  ?  (12—13)  ;  (7)  B.  silvarum,  L.  ?  (12—14) ;  (8)  B.  (Apathus) 
Barbutellus,  K.  ?  (12)  ;  (9)  B.  (A.)  vestalis,  Fourc.  ?  (12)  ;  (10)  B.  (A.) 
rupeatrisj  F.  ?  (11 — 14)  ;  most  of  these  species  very  ab.,  sucking  both  female 
and  hermaphrodite  flowers  in  the  normal  way  ;  (11)  B.  terrestris,  L.  $  (7 — 9), 
always  bores  through  the  corolla  of  the  hermaphrodite  flowers,  and  sometimes 
of  the  small  female  flowers,  though  its  proboscis  is  long  enough  to  suck  the 
latter  normally  ; — sometimes  it  must  at  least  attempt  to  suck  the  hermaphrodite 
flowers  normally,  for  once  (May  7,  1871)  I  saw  a  specimen  sucking  female 
flowers  with  pollen  of  Nepeta  on  it«  head  ;  (12)  Apis  meUifica,  L.  5?  sucking 
the  female  flowers  normally  ;  once  (May  3, 1871)  I  saw  it  insert  its  head  into 
several  hermaphrodite  flowers,  but  afterwards  take  to  piercing  the  corolla  with 
its  maxilla) ;  (13)  Anthophora  pilipes,  F.  9  cJ  (19—21),  very  ab. ;  (14)  Osmia 
icnea,  L.  ?  (9 — 10)  scarce  ;  (15)  0.  rufa,  L.  9  <J  (7—9),  sucking  both  kinds 
of  flower?  normally  ;  (16)  0.  fusca,  Christ.  9  (8)  ;  (17)  Nomada  varia,  Pz.  ^ 


^  Forms  of  Flowers,  p,  804,  etc. 
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(5i — 6),  sucking  the  female  flowers  in  tlie  normal  way  ;  (18)  Andrena  fulvi- 
crus,  K.  ?  (3i),  c.p. ;  (19)  A.  fulva,  K.  ?  (3),  trying  in  vain  to  reach  the 
honey  ;  (20)  A.  albicans,  K.  (J,  do.  ;  (21)  Halictus  lucidiilus,  Sclienck.  ?,  do. 
B.  Diptera— (a)  BomhylidcB :  (22)  Bombylius  discolor,  Mgn.  (12)  ;  (23)  B. 
major,  L.  (10),  ab. ;  both  species  suck,  but  only  occasionally  effect  fertilisation  ; 
(6)  Syrphidce  :  (24)  Rhingia  rostrata,  L.  (11 — 12),  s.  ;  (25)  Eristalis  intricarius, 
L.,  f.p.  C.  Lepidoptera — (a)  Rhopalocera :  (26)  Pieris  brassicap,  L.  (15)  ;  {b) 
Sphinges :  (27)  Macroglossa  fuciformis,  L.  (Stromberg)  ;  (28)  M.  st«llatarum, 
L.;  all  three  species  suck,  but  rarely  effect  fertilisation. 

350.  Scutellaria  galericulata,  L. — I  have  seen  no  insects 
visit  this  flower  except  a  butterfly,  Bkodocera  rhamni,  L. 

351.  Melittis  melissophyllum,  L.,  is  visited  by  Baiabus 
Iwrtorum,  L. 

352.  Stachys  silvatica,  L. — The  tube  is  10  to  11  mm.  long. 
The  very  thick,  fleshy  base  of  the  ovary  secretes  honey,  which 
fills  2  to  3  mm.  of  the  tube,  and  is  sheltered  from  rain  by  a  ring  of 
stiff  hairs  which  stand  almost  perpendicular  to  the  wall  of  the 
corolla.  The  vaulted  upper  lip  is  rather  small,  but,  owing  to  the 
almost  horizontal  position  of  the  flower,  it  completely  covers  the 
anthei*s  and  stigmas ;  the  under  lip  is  very  large  and  trilobed,  and 
serves  as  a  platform  for  the  bees.  The  flowers,  as  Sprengel  per- 
ceived, are  distinctly  proterandrous ;  in  the  young  flower  the 
anthers  are  found  to  have  dehisced  on  their  inferior  aspect  while 
the  end  of  the  style  lies  behind  them,  with  its  stigmatic  branches 
very  slightly  divergent ;  in  old  flowers  the  end  of  the  style  is 
curved  down  below  the  anthers  and  its  stigmatic  divisions  are 
widely  separated.  If  insect-visits  occur,  the  fertilisation  of  old 
flowers  with  pollen  from  young  is  thus  rendered  inevitable ;  in 
absence  of  insects,  self-fertilisation  is  frequent,  as  may  be  easily 
demonstrated  on  plants  kept  in  the  house,  for  the  stigmas  gradually 
bend  down  between,  and  come  in  contact  with,  the  anthers,  whose 
lower  surfaces  are  still  covered  with  pollen.  The  visitors  for  which 
the  flower  is  especially  suited  are  bees  with  a  proboscis  not  less 
than  8  mm.  long  ;  and  the  tube  is  long  enough  to  secure  the 
honey  against  most  flies. 

Visitors  :  A.  Hymenoptera— ^;>M/a; ;  (1)  Anthidiuin  manicatura,  L.  ^  ^ 
(9 — 10),  as  abundant  as  on  Ballota  nigra  ;  (2)  Anthophora  quadrimaculata, 
Pz.  ?  $  (9—10),  do.  (Thur.,  Sid.)  ;  (3)  A.  furcata,  Pz.  ?  $  (11—12),  less  freq. 
(Thur.)  ;  (4)  Bombus  agrorum,  F.  §  ?  (10—15),  ab. ;  (5)  B.  pratorum,  L. 
9  (J  (8—10)  ;  (6)  B.  hortoriim,  L.  $  (17—18),  all  sucking  normally.  B. 
Diptera— iSyrp^w/«? ;  (7)  Rhingia  rostrata,  L.  (11—12),  p.  ;  (8)  Xylota  sil varum, 
L.  (Warstein),  trying  vainly  to  reach  the  lioney. 
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353.  Stachys  palustris,  L.  (178,  702). — The  flowers  differ 
from  those  of  the  foregoing  species  in  the  following  points :  the 
tube  is  only  8  to  9  mm.  long,  the  outer  (lateral)  pair  of  stamens 
are  of  equal  length  with  the  inner  (median),  the  anthers  of  the 
lateral  pair  lie,  when  the  flower  opens,  in  front  of  the  median  pair, 
and  have  already  dehisced  while  the  latter  are  still  closed ;  in 
course  of  time  they  bend  outwards  and  are  detached  by  the  median 
ones  which  now  come  to  maturity.  Finally,  the  end  of  the  style, 
whose  stigmatic  branches  now  diverge,  curves  down  between  the 
median  anthers ;  and  the  stigmas,  if  insect-visits  have  failed, 
come  in  contact  with  the  pollen  even  more  frequently  than 
in  S.  silvatica. 

Visitors :  A.  Hymenoptera — ApidvR :  (1)  Bombus  ail  varum,  L.  5  (10)  ; 
(2)  B.  agrorum,  F.  ?  (10—12)  ;  (3)  B.  terrestris,  L.  ?,  (7—9);  all  three 
sucking  normally,  not  excepting  B.  terrestris,  whose  proboscis  is  too  short  for 
Stachys  silvatica  !  B.  Diptera — Syrphidw :  (4)  Ehingia  rostrata,  L.,  e.,  now 
and  then  effecting  fertilisation  ;  (5)  Melithreptus  tseniatus,  Mgn.,  f.p.  C. 
Lepidoptera~(a)  Rhopalocera  :  (6)  Pieris  brassicae,  L.  (15)  ;  (7)  P.  rapse,  L.  ; 
(6)  Noctuce  :  (8)  Plusia  gamma,  L.,  all  three  ab.,  s. 

Stachys  germanica,  L.,  according  to  Mr.  T.  Whitelegge,  is 
gynodioecious  (774). 

354.  Stachys  Betonica,  Benth. — The  corolla-tube  is  7  mm. 
long,  smooth  internally  in  its  lower  honey-containing  part,  but 
lined  above  with  erect  hairs.  The  part  of  the  corolla  within  the 
calyx  is  narrow  and  directed  obliquely  upwards ;  beyond  the  calyx 
it  becomes  almost  horizontal,  remaining  of  the  same  width  (about 
2  mm.),  and  it  divides  into  a  trilobed  under  lip,  and  a  flattened 
upper  lip  almost  vertical  towards  its  extremity.  There  is  no  need 
here  for  a  wide  entrance  to  receive  the  bee's  head,  on  account  of 
the  shortness  of  the  tube.  The  curvature  of  the  tube  corresponds 
to  the  natural  curvature  of  the  bee's  proboscis. 

The  flowers  are  distinctly  proterandrous,  but  the  possibility  of 
spontaneous  self-fertilisation  is  not  excluded.  Shortly  after  the 
flower  opens,  the  anthers,  which  bear  a  row  of  white  beads  on  their 
upper  surface,^  dehisce,  while  the  stigmas  lie  between  and  slightly 
behind  the  shorter  anthers.  Although  the  style  has  not  nearly 
attained  its  full  length,  yet  its  stigmatic  divisions  diverge  almost 
as  much  and  are  almost  as  well  provided  with  papillae  at  this 
stage  as  they  are  subsequently,  and  pollen  placed  on  the  papillae 

^  In  Sideritis  romana,  L.,  accoTding  to  Delpino,  these  white  beads  apply  a  sticky 
substance  to  the  insect's  proboscis  (178,  pp.  H4-146). 
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adheres  readily  to  them.  As  the  anthers  dehisce  more  widely  and 
permit  the  pollen  to  escape,  the  style  elongates  and  extends  be- 
yond the  shorter  anthera,  often  bringing  the  stigmas  in  contact 
with  the  pollen ;  &nally  it  protrudes  far  beyond  the  anthers,  and 
in  this  position  is  always  touched  before  the  anthers  by  an  insect- 
vidtor ;  probably  the  pollen  brought  from  another  flower  and  thus 


applied  outstrips  iu  its  action  that  which  is  so  often  applied  in  the 
previous  stage  when  the  stigma  is  making  its  way  past  the  anthers. 

A.  Hymenoptem— jljitrfie .■  (1)  Bomlma  ugrorum,  F,  $  $  (10 — l.S),  ab.,  s. 
B.  VliflcTa—Ssrphiila::  (2)  Volucella  bombytans,  L.  (7—8),  c.p.  (Sid.) ;  (3) 
Eri^taliB  horticola,  Mgn.  (Sld.)i  c.p.  C.  Lepidopl«ra — Sphingett :  (4)  Zyga;iia 
lonicem,  E»p.,  s.,  freq.  (Thur.  July  12,  1868),  Additional  viaitore  (five  bees 
and  four  Lepidoptera)  are  enumerated  in  No.  590,  in. 

Sideritis  romana,  L. — The  reproductive  organs  are  inclosed 
within  the  tubular  flower;  the  style  is  very  short;  the  longer 
stamens  are  of  the  usual  form ;  each  of  the  shorter  stamens  bears 
a  semicircular  connective  which  has  at  one  end  a  perfect,  and  at 
the  other  a  rudimentary,  anther-lobe.  The  two  connectives  form 
together  a  complete  circle,  through  which  an  insect  must  thrust  its 
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proboscis  to  reach  the  hone;;  adhesive  matter  secreted  b;  the 
outer  surface  of  the  perfect  anther-lobe  (which  is  turned  towards 
the  centre  of  the  ring)  is  thus  applied  to  the  proboscis  and  pollen 
is  then  cemented  to  it.  In  the  flower  next  visited,  the  hollow 
cup-shaped  stigma  scrapes  off  the  adherent  pollen  from  the 
proboscis  (178,  360). 

Marrubium,  L.,  like  Sideritis,  has  adhesive  glands  upon  its 
anthers.  An  account  of  the  structure  of  its  flower  and  a  list  of 
its  visitors  are  given  in  my  Weitere  Beohaclitungen,  III.  pp.  50,  51. 

Pkysosteffia,  Benth.,  according  to  Delpino,  is  proterandrous,  and 
the  stigma  comes  to  occupy  the  place  of  the  anthers.  In  P.  virgini- 
ana,  teeth  at  the  edges  of  the  valves  of  the  outer  pair  of  anthers 
aid  the  complete  removal  of  the  pollen  by  insects  (178,  360). 

355.  Prunella  vulgaris,  L.— This  species,  like  so  many  other 
Labiates,  includes  two  forms,  one  with  Large  hermaphrodite,  the 


Fig.  lU.— Pthu'IU  tul^ui  ■•.  L 
— ElemiApbrodl(«  dower,  ffom  the 
—tipper  pBrt  of  ■  long  >taiMii. 
.— I'ppoi  put  u[  I  ibort  ditto. 


other  with  smaller  female  flowers  in  which  only  rudimentary 
functionless  remains  of  the  stamens  persist.  In  Prunella  vulgaris 
the  female  form  is  much  rarer  than  the  hermaphrodite. 

In  the  small-flowered  form  the  tube  is  only  4  to  5  mm.  long ; 
the  style  projects  beyond  and  above  the  upper  lip,  and  its  two 
stigmas  diverge  widely.  I  have  found  not  only  the  stigmatic 
jiapillK,  but  the  whole  inner  surface  of  the  entrance  of  the  flower 
in  this  form,  thickly  covered  with  pollen,  proving  that  insect-visits 
were  plentiful  in  both  forms  of  the  flower. 
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In  the  large-flowered  form  the  tube  is  7  to  8  mm.  long ;  the 
longer  stamens  divide  above  into  two  very  divergent  branches,  of 
which  one,  slightly  shorter  than  the  other,  is  turned  towards  the 
middle  line  of  the  flower  and  bears  the  two  anther-lobes ;  the  other 
branch  is  turned  outwards,  and  its  pointed  end  rests  upon  the  con- 
cave surface  of  the  upper  lip,  and  insures  the  anthers  (which  dehisce 
inferiorly)  being  in  the  position  on  either  side  of  the  stigmas  where 
they  are  most  certain  to  be  touched  by  a  bee-visitor.  Dr.  Ogle 
explains  these  processes  of  the  filaments  in  a  similar  way  (632). 
The  shorter  stamens  also  divide  into  two  branches  (Fig.  165), 
which  are  much  shorter,  but  serve  the  same  purpose. 

Owing  to  the  position  of  the  anthers,  the  dorsal  surface  of  the 
bee  comes  first  in  contact  with  the  stigmatic  papillae  of  the  inferior 
stigma,  and  is  afterwards  dusted  with  new  pollen.  In  the  event 
of  insect-visits  cross-fertilisation  is  thus  fully  insured.  I  have 
never  observed  spontaneous  self-fertilisation  in  absence  of  insects 
in  any  of  the  plants  which  I  have  kept  in  my  room.  According 
to  Axell,  however,  this  plant  produces  seed  by  self-fertilisation 
when  insects  are  excluded  (17). 

Visitors :  A.  Hjmenoptera — Apidce :  (1)  Apis  mellifica,  L.  9  (6) ;  (2) 
Bombus  silvarum,  L.  §  (10) ;  (3)  B.  lapidarius,  L.  ^  (8 — 10) ;  (4)  B.  pratorum, 
L.  9  (8) ;  (5)  B.  terrestris,  L.  9  (7—8)  ;  (6)  Megachile  Willughbiella,  K.  ^ ; 
(7)  Anthophora  furcata,  Pz.  ^  (11 — 12),  all  sucking  normally  ;  the  females 
•ometimes  have  pollen  in  their  baskets ;  (8)  Cilissa  haemarrhoidalis,  Pz.  ^ , 
tried  in  vain  to  suck  the  large-flowered  fonu, — it  dusted  itself  with  pollen  on 
the  large  flowers,  and  so  in  passing  to  the  small  ones,  which  it  can  suck  easily,  it 
effected  cross-fertilisation.  B.  Lepidoptera — Rhopalocera :  (9)  Lycaena  argiolus, 
L. ;  (10)  Hesperia  silvanus,  Esp.  ;  (11)  Melitaea  Athalia,  Esp.,all  three  sucking ; 
their  thin  tongues  enter  the  flower  without  touching  the  essential  organs.  See 
also  No.  590,  III.,  for  a  further  list  of  visitors  in  Low  Germany.  A  list  of  Alpine 
visitors  (one  fly,  five  humble-bees,  ten  Lepidoptera)  is  given  in  No.  609. 

Pntnclla  grandiflora,  Jacq. — The  four  anthers  lie  parallel  with 
one  another  on  the  same  level,  and  the  two  outer  stamens  are  bent 
downwards  by  a  special  mechanism  as  soon  as  a  bee  thrusts  its 
proboscis  down  into  the  flower.  The  unusually  wide  corolla-tube 
shows  two  shallow  invaginations  on  each  side.  One  pair  are  placed 
about  the  middle  of  the  corolla,  in  its  anterior  (inferior)  half,  and 
are  prolonged  directly  into  the  outer  stamens  which  then  pass 
backwards  and  course  upwards  close  beneath  the  upper  lip.  At 
one  point  they  are  grasped  by  the  posterior  invaginations,  and  are 
thus  divided  into  two  parts,  and  form  levers  of  which  the  upper 
arm  is  four  times  as  long  as  the  lower,  the  fulcrum  being  furnished 
by  the  posterior  invaginations  of  the  corolla.    The  bee,  in  inserting 
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its  proboscis  through  the  narrow  passage  between  the  lower  ends 
of  the  outer  filaments,  cannot  avoid  touching  the  lower  and  shorter 
arms  of  the  levers ;  and  the  long  arms  at  once  bond  down,  briogiBg 
the  anthers  in  contact  with  the  bee's  back.  The  median  pair  of 
stamens  only  become  free  a  little  below  the  hood  of  the  upper  lip, 
and  their  anthers  are  only  touched  by  large  humble-bees.  The 
flower  is  distinctly  proterandrous. 

The  fertilisers  are  almost  exclusively  humble-bees  (609}. 

356.   Galeopsis  Tetrahit,  L. — The  tissue   below  the   ovary 
expands  into  a  nectary  which  surrounds  the  two  anterior  divisions 


4, — Potftloii  of  Iba  KpredDctln  or^aoi  wlien  tlic  flnner  eiiiMidi. 
A.— mtto,  when  It  wlUKn. 
0^—OvMTj  and  necUrr, 

of  the  ovary.  The  honey  is  lodged  in  the  lower,  smooth  portion  of 
the  tube,  which  ascends  obliquely  and  is  of  very  variable  length  in 
different  plants.  In  the  codes  which  I  examined  it  varied  from  11 
to  I7  mm.  For  a  space  of  4  to  G  mm.  at  its  upper  part,  this  tube 
is  wide  enough  to  admit  the  whole  head  of  a  small  humble-bee,  or 
at  least  the  front  half  of  that  of  a  large  one ;  30  that  large  humble- 
bees  with  a  proboscis  not  less  than  14  to  15  mm.  long,  and  small 
ones  with  a  proboscis  12  mm.  long,  can  reach  the  base  of  the  tube  in 
the  largest  varieties  of  G.  TetroAit.  The  corolla  divides  above  into  a 
vaulted  upper  lip  which  covers  the  anthers,  and  a  trilobed  under  lip 
which  serves  as  a  landing-place ;  the  under  lip  bears  guiding-marks, 
iind  is  modified  to  facilitate  the  introduction  of  the  bee's  head. 
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The  guiding>maiks  or  pathfinders  consist  of  a  yellow  spot  inter- 
woven with  a  net  of  red  lines  at  the  base  of  the  middle  lobe  of 
the  under  lip.  The  entry  of  the  bee's  head  is  aided  by  two  convex 
poaches  at  the  base  of  the  lateral  lobes  of  the  under  lip,  which  rise 
up  on  either  side  of  the  base  of  the  middle  lobe,  and  cause  the 
shape  of  the  entrance  to  conform  to  the  inferior  curvature  of  the 
bee's  head.  The  anthers  dehisce  shortly  before  the  corolla  expands, 
and  have  their  pollen-covered  sur£Bu:es  turned  downwards  like  all 
the  other  LabiatsB  described  here.  The  two  divisions  of  the  style 
lie  at  first  above  and  behind  the  anthers ;  the  upper  and  shorter 
one,  which  continues  the  direction  of  the  style,  bears  very  feebly 
developed  stigmatic  papillae,  while  those  upon  the  longer  division, 
which  is  bent  downwards,  are  very  conspicuous.  A  bee  sucking 
honey  in  a  young  flower  touches  vrith  its  dorsal  surface,  first  the 
anthers,  and  immediately  afterwards  (pushing  up  the  anthers)  the 
papillar  tip  of  the  lower  stigma.  Usually  the  small  part  of  the 
bee's  back  which  comes  in  contact  with  the  stigma  lies  just  between 
the  spots  that  have  been  dusted  with  pollen  in  the  same  flower* 
and  thus  cross-fertilisation  is  carried  on. 

Gradually  the  end  of  the  style  curves  downwards^  and  its 
lower  division  projects  between  the  upper  anthers,  so  that,  if  the 
pollen  has  not  already  been  carried  away,  self-fertilisation  ulti- 
matelv  occurs. 

Yisiiors  :  A  Hymenopteia — Apida  :  \  Bombti* a^n>L»rcm,  F.  x  32 — 15  ; 
'2>  R  silTaniixu  L.  $  .12 — 14'  :  '3'  R  Scriiii*hii^nus,  K,  -  20,  aJl  tluve 
fiuckiiig  nonnally ;  4)  R  tenestrif^  L.  ? ,  r»chin^  the  honry  ihrc^iirh  holes 
bitten  in  thr  lower  part  of  the  tube  ;  'o;  Andi^na  CoitJouL  K-  s  TekL  R\ 
R  Diplera — Syrpkida  :  /6.  MeUnosionia  mellina.  L,  Ip.  See  &!»>  Xo.  590, 
HL,  and  No.  609. 

357.  Gjlleopsis  ochroleuca^  Lam.  yig.  166  . — ^The  nectaiy 
has  the  same  position  as  in  (7.  TftraAit,  but  it  embraces  tbe  lower 
part  of  the  two  pi>sterior  divisions  also  of  the  ovazy.  and  ^while 
the  flower  is  in  full  Uoom^  it  distinctly  overtops  the  two  anterior. 
The  tube  is  IS  to  20  mm.  long,  and  wide  enough  in  its  upper  6  or 
7  mm.  to  admit  any  humble-bee's  head,  so  that  a  prckK>5ci5  11  to 
14  mm.  loni;  suffoes  to  reach  the  honev.  The  c>r*>I!a  is  vellowish- 
irtiite,  with  yellow  guiding-marks  at  the  base  of  the  under  lip.  and 
in  other  rs^p^vt^  it  agrees  with  that  of  G.  T'ttr^j.Mf. 

In  the  relative  positions  of  the  esss^ntia!  org^ins.  this  species 
differs  from  *r.  T^zr.iAii^  tV-r  the  stizmas  extendi  forw-iris  bevond 
the  longer  s:amons.  The  lower  stigma  i?  in  on^^^aenoe  of  this 
touched  before  the  anthers  bv  the  kee,  and  in  ourse  of  time  its 
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tip  curls  round  under  the  superior  lobes  of  the  taller  anthers; 
so  that  cross-fertilisation  in  case  of  insect-visits  and  self-fertilisation 
in  their  absence  are  insured  here  also,  but  not  in  the  same  way  as 
in  G,  Tetrahit, 

I  have  frequently  observed  Bomhus  agrorum,  F.  9  (12 — 15), 
sucking  the  honey  and  fertilising  the  flower.  Some  other  visitors 
are  enumerated  in  No.  590,  III. 

Galeopsis  versicolor,  Curt. — The  tube  is  18  to  22  mm.  long,  and 
wide  enough  for  a  space  of  6  to  8  mm.  at  its  upper  end  to  admit 
a  humble-bee's  head.  A  bee,  if  it  thrusts  its  whole  head,  5  to  6 
mm.  long,  into  the  tube,  requires  a  proboscis  12  to  16  mm.  long 
to  exhaust  the  honey,  and  one  at  least  10  mm.  long  even  to  taste 
it,  as  the  honey  does  not  fill  more  than  2  or  3  mm.  of  the  tube. 
Of  all  our  humble-bees,  only  B.  hortoi^cm,  L.  (19 — 21),  and  the 
females  oi  B,  agroram,  F.  (15),^.  senilis,  Sm.  (15),  and  B,  frcugrans, 
K.  (15),  can  drain  or  nearly  drain  Q,  versicolor  of  its  honey. 
Otherwise  the  flower  resembles  that  of  G,  Tetrahit,  save  that  the 
guiding-marks  are  much  more  conspicuous  ;  for  while  the  flower  is 
mainly  yellowish-white,  the  under  lip  is  dark  violet  anteriorly,  and 
yellow  at  its  base.  I  have  not  yet  observed  bees  visiting  the 
flower.  Axell  (17)  found  that  when  insects  were  excluded  the 
plant  produced  seed  by  self-fertilisation. 

358.  Galeopsis  Ladanum,  L. — The  tube  is  11  to  16  mm. 
long,  and  its  wide  part  5  to  6  mm. ;  so  that  in  the  shortest  examples 
a  bee  with  a  proboscis  only  6  mm.  long  can  drain  all  the  honey 
if  it  forces  its  way  for  a  distance  of  5  mm.  into  the  tube.  In 
the  relative  positions  of  stigma  and  anthers  this  species  exactly 
resembles  G.  ochroleitca.  In  regard  to  the  nectary  and  the  way 
in  which  the  bee's  proboscis  is  guided  towards  the  entrance  of  the 
tube,  the  flower  agrees  with  that  of  G,  Tetrahit,  I  have  seen  the 
folloAving  bees  effecting  fertilisation  : — 

(1)  Bombus  agrorum,  F.  ?  (12—15)  ;  (2)  B.  lapidarius,  L.  ^  (8—10)  ;  (3) 
B.  silvarum,  L.  9  (12 — 14) ;  (4)  Nomada  Jacobaeae,  Pz.  9  (6),  all  sucking 
normally.     See  also  No.  590,  ill.,  and  No.  609. 

359.  Lamium  album,  L. — The  base  of  the  ovary  expands 
anteriorly  into  a  fleshy  lobe,  which  secretes  honey  and  invests  the 
two  anterior  divisions  of  the  ovary  for  half  their  height  (Fig.  167, 
8,  a).  The  base  of  the  corolla-tube,  for  a  space  of  3  to  3J  mm.,  is 
narrow  and  serves  to  contain  the  honey ;  it  points  obliquely  upwards 
from  the  stem,  and  is  closed  above  by  a  ring  of  hairs.    Immediately 
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above  this,  the  tube  suddenly  widens,  forming  a  pouch  anteriorly, 
and  its  direction  changes,  becoming  parallel  to  the  stem. 
Very  many  short-lipped  insects,  especially  flies  and  small  bees, 
which  are  too  small  to  effect  cross-fertilisation,  are  thus  excluded  ; 
for  Lamium  album,  like  so  many  of  our  native  flowers  with  tubes 
10  to  20  mm.  long,  is  specially  adapted  for  humble-bees  and  other 
large  bees.  The  following  characters  of  the  corolla  exemplify  this. 
The  erect  part  of  the  tube,  which  is  7  mm.  long,  is  followed  by  the 
division  of  the  tube  into  a  bilobed  lower  lip  (6,  1)  which  serves  as 
a  landing-place,  two  erect  lateral  lobes  (c,  1)  which  admit  the  bee's 
head  between  them  and  are  continued  directly  upwards  from  the 
side-walls  of  the  tube,  and  the  horizontal  vaulted  upper  lip  (e,  1) 
which  serves  to  shelter  the  anthers  (/,  1)  and  the  stigmas  {g,  1) 
immediately  below  it.     The  small  appendages  of  the  lateral  lobes 


Fio.  167.— LnmtMm  alhum^  L. 

1.— Flower,  from  the  side. 
2.— Ditto,  after  removal  of  the  caljTC. 
8. — Ovary  and  nectary  {x  7). 
4.— Tip  of  the  style  (  x  < ). 

a,  nectary ;  b,  under  lip :  c,  side-lobes  which  receive  the  bee's  head  between  them ; 
d,  ftinctionless  appendages ;  e,  upper  lip  ;  /,  anljiers ;  g,  lower  division  of  the  .style. 

(c,  1)  are  functionless  rudiments  of  the  primitive  five-lobed  corolla. 
One  of  the  divisions  of  the  style  which  lies  above  or  between  the 
anthers  lies  in  the  same  straight  line  with  the  style ;  while  the 
other,  a  little  shorter,  bends  downwards  almost  at  right  angles,  so 
that  its  stigmatic  tip  projects  below  the  anthers  (4,  Fig.  167). 
Cross-fertilisation  is  therefore  induced,  not  by  dichogamy,  but  by 
the  position  of  the  stigma.  In  absence  of  insects,  self-fertilisa- 
tion may  take  place,  but  it  is  doubtless  rare,  for  the  flowers  are 
plentifully  visited  by  bees. 

We  can  estimate  by  direct  observation  how  perfect  the 
adaptation  of  this  flower  is  to  bees*  visits.  The  bee  alights  on 
the  under  lip,  and  in  doing  so  thrusts  its  head  between  the  broad 
lateral  lobes  of  the  mouth,  clings  with  its  forefeet  to  the  base 
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of  the  under  lip,  and  with  its  mid  and  hindfeet  to  the  two  lobes 
of  the  under  lip ;  then,  if  its  proboscis  is  not  less  then  10  mm. 
long,  it  can  at  once  reach  the  base  of  the  flower.  While  sucking, 
the  thorax,  and  in  the  case  of  small  workers  the  base  of  the 
abdomen  also,  fills  up  the  space  between  the  upper  and  lower  lips, 
and  the  vaulted  upper  lip  fits  the  bee's  back,  which  is  pressed 
against  the  stigma  and  the  open  face  of  the  anthers.  These 
organs  are  often  rubbed  also  by  the  bee's  head  as  it  enters  the 
flower.  In  either  case,  the  lower  stigma  gets  touched  before  the 
anthers,  and  as  the  bees  fly  diligently  from  flower  to  flower,  cross- 
fertilisation  proceeds  regularly. 

The  following  observation  shows  how  much  this  plant  is  visited 
by  humble-bees  in  fine  weather.  One  fine  spring  morning  (May 
17,  1868),  while  I  was  watching  Bomhus  agrorum  feeding  on 
Lamium  albuiii,  I  observed  that  by  the  expansion  and  contraction 
of  the  bee's  abdomen  each  separate  act  of  sucking  could  be 
distinguished ;  and  that  it  was  possible  to  tell,  when  a  bee  began 
to  suck,  whether  the  flower  was  already  exhausted  of  its  honey, 
I  found  that  between  9  and  10  A.M.  a  bee  of  the  species  Bomhus 
tffjrorum  abandoned  four  to  five  flowers  on  an  average  after  a 
single  taste  before  it  found  a  flower  on  which  it  performed  the  act 
of  sucking  several  (four  to  six  or  even  eight  to  ten)  times.  By 
that  early  hour  of  the  day  four-fifths  of  all  the  flowers  of  this 
plant  had  been  emptied  of  their  honey. 

Visitors:  Hymenoptera— J;wWrr ;  (1)  Bombus  agrorum,  F.  5  9  (10 — 15); 
(2)  B.  hortonim,  L.  ^  ?  (18—21)  ;  (3)  B.  silvarum,  L.  ?  (12—14) ;  (4)  B. 
seniHs,  Sm.  ?  (14—15)  ;  (5)  B.  lapidarius,  t}  ?  (10—14)  ;  (6)  B.  Scrim- 
shiranus,  K.  ?  9  (10),  creeping  far  into  the  flower ;  (7)  B.  Rajellus,  111.  ? 
(12—13)  ;  (8)  B.  pratonim,  L.  ?  (11— 12),  all  sucking  normally,  and  sometimes 
brushing  pollen  off  their  backs  into  the  pollen-baskets  ;  (9)  B.  terrestria,  L. 
9  (7—9),  bit^s  through  the  tube  close  above  the  calyx  in  open  flowers  and  in 
nearly  mature  buds ;  (10)  Apis  mellifica,  L.  9  (6),  only  reaches  the  honey 
through  holes  bitten  by  B.  terrestris  ;  (11)  Anthophora  pilipes,  F.  ?  ^J ; 
(12)  Eucera  longicomis,  L.  ^  (10—12);  (13)  Melecta  armata,  Pz.  ?  (I2i), 
the  la'^t  three  sucking  normally  ;  (14)  Andrena  nitida,  K.  ?  (3i),  e., 
through  the  holes  bitten  by  B.  terrestris  ;  (15)  Andrena  albicans,  K.  ?  ;  (16) 
Halictus  lievigatus,  K.  9 .  I  saw  these  last  two  collecting  pollen  ;  they  seemed 
as  likely  to  etteot  self-fertilisation  as  cross-fertilisation.  B.  Dipt(im—8yrphi(I(p : 
(17)  Rhingia  rostratji,  L.,  creeps  a  little  way  into  the  flower  and  inserts  its 
tongue,  without  touching  either  stigma  or  anthers.  See  also  No.  590,  in., 
and  No.  609. 

Lconums  Cardiaca,  L.,  is  visited  by  the  hive-bee  and  by 
humble-bees  (590,  III.  ;  609). 
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Lamium  amplexicaule,  L.  (see  Fig.  2,  p.  19). — The  tube  is  14  to 
16  mm.  long,  nairow  for  the  lower  10  to  11  mm.,  and  above  that  wide 
enough  to  admit  a  humble-bee's  head.  I  have  never  seen  the 
flowers  visited  by  insects,  though  they  are  no  doubt  cross-fertilised 
by  humble-bees ;  but  I  have  often  found,  immediately  after  the 
opening  of  the  flower,  the  tip  of  the  lower  stigma  standing  not 
above  but  below  and  between  the  anthers,  and  dusted  with  pollen, 
— no  doubt,  from  the  same  flower.  Besides  these  normal  self- 
fertilising  flowers,  the  plant  reproduces  itself  by  means  of  cleis- 
togamic  flowers.  These  have  been  described  minutely  by  Walz 
(759)  and  Hildebrand  (351). 

360.  Lamium  Galeobdolon,  Crantz. — The  tube  is  8  mm. 
Jong,  smooth  in  its  lower,  honey-holding  part,  but  lined  with  hairs 
above ;  the  entrance  is  expanded,  and  the  hive-bee  can  reach  the 
base  of  the  flower  though  its  proboscis  is  only  6  mm.  long.  The  two 
branches  of  the  style  are  beset  with  very  short,  flat  papillae  which 
do  not  increase  in  size,  and  they  diverge  almost  to  their  full  extent 
soon  after  the  flower  opens.  Cross-fertilisation  is  favoured  not  by 
dichogamy  but  by  the  position  of  the  parts.  At  first  the  tip  of  the 
lower  division  of  the  style  lies  somewhat  above  the  lower  surface 
of  the  anthers,  and  hence  if  the  bee's  back  presses  lightly  against 
the  anthers  it  escapes  being  touched ;  if  the  bee  is  large  and 
presses  forcibly  against  the  anthers,  the  stigma  at  least  comes  in 
contact  with  a  diflerent  part  of  the  bee,  and  is  more  likely  to  re- 
ceive pollen  from  another  flower  than  its  own.  Afterwards  the  tip 
of  the  lower  stigma  comes  to  project  below  the  anthers,  and  is 
now  regularly  touched  first  by  the  bees.  I  have  observed, 
on  plants  kept  in  the  house,  that,  in  the  absence  of  insects, 
pollen  usually  falls  in  the  course  of  time  upon  the  lower 
stigma. 

The  visitors  are  exclusively  bees. 

(1)  Bombus  hortormn,  L.  ?  (21),  ab.  ;  (2)  B.  biI varum,  L.  ?  (12—14)  ; 
(.3)  B.  EajelluH,  111.  ?  (12—13) ;  (4)  B.  agrorum,  F.  ?  (13—15),  very  freq.  : 
(5)  B.  prat^runi,  L.  9  ?  (8 — 12),  ab.,  all  sucking  normally,  and  sometimes 
bniphing  the  pollen  from  their  backs  into  their  pollen-baskets  ;  (6)  B.  terres- 
trifl,  L.  $  (7 — 9),  boring  holes  to  suck,  though  its  proboscis  is  long  enough  to 
reach  the  honey  in  a  legitimate  manner;  (7)  Apis  niellifica,  L.  9»  usually 
takes  advantage  of  the  holes  bored  by  B.  teirestris, — once  I  found  it  sucking 
in  the  normal  way,  with  its  back  thickly  covered  with  pollen.  See  also  No. 
590,  III.,  and  No.  609. 

361.  Lamium  maculatum,  L.,  agrees  in  tlie  main  features  of 
its  flower  with  X.  nlhum;  but  its  tube  is  15  to  17  mm.  loner,  so 
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that  supposing  that  a  bee  thrusts  its  head  5  mm.  into  the  wide  upper 
part,  a  proboscis  10  to  12  mm.  long  is  needed  to  reach  the  honey. 

Visitors:  A.  Hymenoptera--4pM/cB;  (1)  Bombus  hortorum,  L.  9  J  (18 — 
21),  very  ab.,  sucking  normally ;  (2)  B.  agronira,  F.  ?  (12—15),  do. ;  (3) 
B.  terrestris,  L.  ?  (7—9),  bores  through  the  corolla  close  above  its  bend,  either 
piercing  it  with  its  maxilla;  or  biting  a  hole  with  its  mandibles  ;  (4)  B.  Rajellus, 
IlL  9  (10—11),  steals  the  honey  through  holes  bitten  by  B.  terrestris.  B. 
Diptera — Syrphida :  (6)  Rhingia  rostrata,  L.  (11—12),  f.p.,  after  trying  in  vain 
to  reach  the  honey.    See  also  No.  590,  in. 

362.  Lamium  purpureum,  L.— The  tube  is  only  10  to  11  mm. 
long,  and  for  the  upper  4  to  5  mm.  it  is  wide  enough  to  admit  the 
head  of  a  small  humble-bee.  The  hive-bee,  though  its  pro- 
boscis is  only  6  nmi.  long,  is  thus  enabled  to  suck  the  honey. 
Sprengel  calls  the  plant  proterandrous ;  but  in  all  the  flowers 
which  I  have  examined  the  stigmas  and  anthers  developed 
simultaneously,  though  at  first  the  angle  between  the  two  stigmas 
was  less  than  it  afterwards  became,  and  the  lower  stigma  stood  at 
first  above  or  between  the  anthers,  but  afterwards  bent  down 
below  them.  To  decide  whether  the  stigma  is  already  capable  of 
fertilisation  when  the  flower  opens,  I  set  a  plant  of  L.  purpureum 
in  a  pot  (April  26,  1871),  and  removed  all  the  flowers  and  capsules 
already  present  on  it.  Next  morning  five  flowers  had  just  opened ; 
in  each  I  bent  back  the  upper  lip  and  the  four  anthers,  and  cut  the 
latter  ofif ;  I  then  placed  upon  the  two  stigmas  (the  lower  of  which 
received  in  this  process  some  pollen  of  its  own  flower)  pollen  from 
freshly  opened  flowers  of  another  plant,  and  I  then  marked  my 
flowers  with  a  spot  of  ink  upon  the  calyx.  The  rest  of  the  flowers 
I  kept  in  my  room,  untouched  and  protected  from  insects.  All  the 
flowers  were  perfectly  fertile.  On  May  21  the  twenty  nutlets  of 
the  five  flowers  which  I  had  fertilised  on  April  27  had  all  fallen 
out,  and  I  succeeded  in  finding  them  all.  On  June  8  I  collected 
on  the  surface  of  the  pot  seventy*eight  nutlets  which  had  fallen 
from  the  self-fertilised  flowers.  Lamium  purpureum  is,  there- 
fore, certainly  homogamous,  and  in  default  of  insect-visits  fertilises 
itself  regularly. 

Visitors  :  A.  Hymenoptera — Apida :  (1)  Apis  mellifica,  L.  9  (6)  ;  (2) 
Anthophora  pilipes,  F.  ?  9  (19—21) ;  (3)  Bombus  hortorum,  L.  ?  (21) ;  (4) 
B.  pratorum,  L.  ?  (II4) ;  (5)  B.  agrorum,  F.  ?  (12—15)  ;  (6)  Melecta  armata, 
Pz.  9  (124)>  all  sucking  in  the  normal  way,  and  sometimes  brushing  oflf  the 
pollen  from  their  heads  into  their  collecting-baskets ;  (7)  Halictus  sexnotatus, 
K.  9  (4) ;  (8)  H.  cylindricus,  K.  ?  (3) ;  (9)  H.  leucopus,  K.  ?  ;  these  three 
try  in  vain  to  reach  the  honey,  and  abandon  the  plant  after  a  few  attempts.  B. 
Diptera — Bomhylidiz :  (10)  Bombylius  major,^  L.  (10),  s.     See  also  No.  590^  m. 
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363.  Lamium  incisum,  Willd.  .— 

Virilon:  Hymenopteift— jlj»Ae  ,•  (1)  Anthopboro  pilipe*,  F.  ?  5  (19— 
21),  4b. ;  (2)  Bombns  pratoram,  L.  $  {llj) ;  (3)  B.  I^jeUuB,  III.  ?  (12—13) ; 
(4)  Api*  mellifica,  L.  ?  (6),  all  iucking  normallj ;  (5)  Htilictus  cylindricus, 
K.  S  (3),  trying  in  vain  to  reach  the  honey. 

364.  Ballota  nigra.  L. — The  corolla-tube  is  only  7  mm. 
lODg ;  above,  it  widens  so  little  that  a  hive-bee  can  only  insert 
the  anterior  part  of  its  head,  and  can  just  reach  the  base  of 
the  flower  with  its  proboscis,  which  is  6  mm.  long.  Two  milli- 
metres from  its  base  the  tube  is  blocked  by  a  ring  of  stiff 
hairs,  which  permit  the  bee's  proboscis  to  pass  easily.  They 
would  suffice  to  exclude  rain-drops,  and  are  described  by  Sprengel 


1— BMsntUi  „^._ 

>.— Dttio,  of  u  older  flown. 
3.— Ovary  (m)  lUd  oecUij  (• 


as  serving  that  purpose ;  but  as  the  horizontal  position  of  the 
flower  and  its  vaulted  upper  lip  are  sufficient  protection  against 
rain,  their  true  use  seems  to  be  to  exclude  (lies.  Since  flics  pro- 
ceed irregularly  for  the  most  part  in  visiting  flowers,  tbose  species 
whose  proboscis  is  long  enough  to  reach  the  honey  of  Ballota 
(Bkiit^,  Eridalis,  etc.)  might  rob  many  flowers  of  their  honey 
without  fertiliBing  them;  but  the  ring  of  bairs  is  sufficient  to 
prevent  the  expanded  end  of  a  fly's  proboscis  from  entering. 

The  under  lip  is  marked  with  white  guiding-lines  which  point 
towards  the  mouth  of  the  tube ;  its  broad  central  lobe  serves  as  a 
landing'place,  the  clefts  between  it  and  the  lateral  lobes  afford 
Arm  foothold  for  the  forelegs  and  midlegs  of  the  bee,  and  the 
lateral  lobes  with  the  groove  between  them,  bounded  by  two 
longitudinal  ridges,  guide  the  bee's  proboscis. 
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Cross-fertilisation  is  favoured  by  the  feebly-marked  proteran- 
drous  dichogamy,  aud  by  the  relative  positions  of  stigma  and 
anthers.  At  first,  the  divisions  of  the  style  lie  close  together 
behind  the  anthers  (1,  Fig.  168);  afterwards,  when  the  pollen  is 
removed,  they  diverge  more  and  bend  down  in  front  of  and  below 
the  anthers  (2,  Fig.  168).  In  sunny  weather  bees'  visits  are  so 
plentiful  that  all  the  pollen  is  removed  before  the  stigmas  diverge 
and  bend  downwards.  During  rainy  weather,  and  in  plants  kept 
in  the  house,  great  part  of  the  pollen  as  it  escapes  from  the  anthers 
remains  adhering  to  the  long  woolly  hairs  which  cover  the  under 
surface  of  the  upper  lip,  and  the  inferior  stigma  curving  down- 
wards among  these  hairs  becomes  covered  with  the  pollen  of  its 
own  flower. 

Visitors  :  A.  Hymenoptera — Apidcs :  (1)  Apia  niellifica,  L.  ^  ,s,  (6)  ;  (2) 
Bombus  Rajellus,  111.  ?  (12—13),  s.  and  c.p.  ;  (3)  B.  silvarum,  L.  (10— -12),  8. ; 
(4)  B.  lapidarius,  L.  9  (10—12),  8. ;  (5)  B.  hypnorura,  L.  5  (10—11),  a..;  (6) 
B.  muscorum,  F.  ?  (13—14),  s.  ;  (7)  B.  (Apathus)  nipestris,  F.  ?  (11—14), 
8.  ;  (8)  Anthophora  quadriinaculata,  Pz.  9  i  (9 — 10),  s.  and  c.p.,  very  ab. ; 
(9)  A.  furcata,  Pz.  ?  (J ,  s.  and  c.p.,  scarcer  (Thur.)  ;  (10)  Osmla  aiirulenta,  Pz. 
9  (8— 9),  8.  (Thur.,  Sid.) ;  (11)  0.  asnea,  L.  ?  (9— 10),8.  ;  (12)  0.  fulviventris, 
Pz.  9 ,  8.  (Thur.)  ;  (13)  Anthidium  manicatum,  L.  ?  (J ,  wherever  Ballota 
grows,  very  ab.  in  sunny  weather,  the  females  diligently  collect  pollen  and 
suck  honey,  while  the  males  buzz  about  and  occasionally  descend  to  suck  honey 
on  a  flower  ;  (14)  Megachile  pyrina,  Lep.  (fasciata,  Sm.)  ?,  s.  B.  Lepidoptera 
— (a)  Rhopalocera :  (15)  Argynnis  Paphia,  L. ;  (16)  Vane«sa  urtic®,  L.  (12) ; 
(17)  V.  cardui,L.  ;  (18)  Pieris  brassica;,  L.  (15) ;  (19)  P.rapae,  L. ;  (20)  Coliaa 
hyale,  L. ;  {b)  Sphinges :  (21)  Macroglossa  stellatanim,  L.  ;  all  these  Lepidoptera 
were  sucking ;  the  specimens  I  caught  had  their  tongues  dusted  with  pollen 
and  were  probably  effecting  fertilisation.     See  also  No.  590,  in. 

In  Prostanthcra,  Labill.,  long  two-  or  three-toothed  appendages 
of  the  connectives  come  in  contact  with  the  insect  and  cause 
shedding  of  the  pollen  (178,  360). 

365.  Teucrium  Scorodonia,  L.,  is  markedly  proterandrous.^ 
When  the  flower  opens,  the  stamens  protrude  from  it,  lying  close 
to  the  superior  wall  of  the  tube,  and  continuing  in  a  line  with  it, 
or  bending  slightly  forwards.  The  two  divisions  of  the  style  are 
already  separate  but  stand  behind  the  stamens  so  that  they  escape 
being  touched  by  the  head  of  a  bee  visiting  the  flower ;  the 
antliers,  which  dehisce  inferiorly  by  a  longitudinal  slit,  shed  their 

^  The  proterandry  of  Teucrium  and  the  moTements  of  its  reproductive  organs 
have  been  described  by  Delpino,  No.  178,  Hildebrand,  No.  360,  pi.  z.,  and  Ogle, 
No.  632. 

K  K   2 


600  THB  FERTILISATION  OF  FLOWEBS.        [past  hi. 

pollen  on  the  bee'a  head  Gradually  the  filaments  bend  backwards 
(2,  I,  Fig,  169)  out  of  the  bee's  way,  while  the  two  stigmas  spread 
more  and  more  apart,  bending  slightly  forwards  into  the  place 
where  the  anthen  were  before.  In  absence  of  insects,  self-fertili- 
sation rarely  takes  place,  for  the  stamens  as  a  rule  do  not  touch 
the  stigmas;  yet  in  a  good  many  flowers  the  anthers  come  in 
contact  with  the  stigmas  in  bending  backwards,  and  dust  them 
with  pollen. 

Honey  is  secreted  by  the  tissue  below  the  ovary,  as  in  all  the 
Labiates  that  I  have  examined  (c£  Fig.  168,  3),  and  so  plentifully 
that  the  corolla-tube  (which  is  9  to  10  mm.  long)  is  often  tilled 
to  a  depth  of  4  mm.     The  flowers  are  rendered  conspicuous  by 


Bggrcgiitioii,  and  iu  spite  of  their  dull  colour  they  are  so  abundantlv 
viait^d  by  iusects  iis  to  be  able  to  dispense  with  the  power  of  self- 
fertilisation. 

Viflitors  :  A.  Hymennptcw— J^ii/tr  .■  (I>  Biimbua  pratorum,  L  ?  ?  (8 — 
nil,  8..  Ten-  «h.  J  (3)  a  aKWrum,  F.  t?  ?  (10-15).  do.  j  (3)  B.  hypnonim, 
L.  ^  {10\  *.  :  (-1)  Authopliora  quadrimiitulaU.  Pr.  ?  {9—10),  b.  j  (5)  Saio- 
piij*  biDiaiuUt*.  P«.  ?  5  (9).  rsrr  ab.,  ^  B.  Dipttra— Syrp»«fir .-  (6)  Eri- 
»lali«  nrnionuu,  L,  £p.,  and  thna  ooJv  able  to  eflLi:!  feriili^iion  occaeioiiallT. 
It  U  nott'wortby  thst  the  hoiiey-bM  (wli.ise  prob>.>».-ii'  is  6  nun.  long),  was  not 
(tb»i'r\rtl  <>n  lhi»  abundontlj  nectarifetvin^  fl.iwer.  It  would  be  jast  able  to 
ueu  the  h<wi-r.     Sm  aim  Xit.  590,  iii. 

Accwpding- to  Dr.  Buchanan  Ariiite,  Totcrium  Scorod^iia  is 
visited  by  many  nocfumal  Lepidoptera  1773). 
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Teucrium  Chamcedrys,  L,  is  proterandrous ;  the  movements  of 
the  reproductive  organs  are  similar  to,  but  feebler  than,  those  of 
T.  Scorodonia.  The  visitors  are  bees,  and  a  proboscis  7  to  10  mm. 
long  is  requisite  to  reach  the  honey  (609).  .  . , 

Teucrium   Botrys,    L.,   is   visited  by  species    of   Anthidium 

CS90,in). 

366.  Ajuga  reptans,  L. — The  tube  is  9  mm.  long,  and  is 
expanded  for  2^  mm.  at  the  base;  the  lower  expanded  part  is 
white,  and  full  of  honey,  which  is  secreted  by  a  thick,  yellow, 
fleshy  gland  below  the  ovary  on  the  side  turned  towards  the  under 
lip.  The  upper  lip  is  absent,  but  the  protruding  anthers  of  each 
flower  are  sheltered  by  the  bract  of  the  flower  above.  When 
the  flower  opens,  the  two  stigmas  diverge  to  their  full  extent 
and  their  papillaB  are  already  mature.  Cross-fertilisation  is 
favoured  not  by  dichogamy  but  by  the  position  of  the  organs. 
For  in  young  flowers  the  lower  division  of  the  Qtyle,  provided  at 
its  tip  with  stigmatic  papillae,  rests  upon  the  shorter  stamens 
which  lie  close  together,  and  is  protected  by  them  from  contact 
with  the  bee  visitors,  at  least  in  the  case  of  the  smaller  bees  which 
do  not  force  the  stamens  much  apart ;  while  all  the  anthers  turn 
their  pollen-covered  faces  forwards  and  downwards  so  as  to  touch 
all  insect-visitors.  Afterwards  the  inferior  stamens  separate,  the 
style  loses  their  support,  and  its  lower  division,  with*  the  stigmatic 
tip  turned  downwards  and  forwards,  projects  between  the  anthers, 
and  is  touched  before  them  by  the  bee. 

In  absence  of  insects,  the  pollen  remains  adhering  to  the 
lower  surface  of  the  anthers  in  large  masses,  which  readily  come 
in  contact  with  the  stigma  and  efiect  self-fertilisation. 

Visitors  :  A.  Hymenoptera — Apida :  (I)  Apis  mellifica,  L.  9  (6)>  thrusts 
the  greater  part  of  its  head  into  the  tube;  (2)  Bombus  lapidarius,  L,  J 
(12—14)  ;  (3)  B.  agrorum,  F.  ?  (12—15)  ;  (4)  B.  confusus,  Schenck,  ?  (12r— 14)^ 
(5)  B.  muscorum,  F.  ?  (13—14) ;  (6)  B.  pratorum,  L.  5  (8) ;  (7)  B.  silvaruin, 
L.  9  (12—14) ;  (8)  B.  hortorum,  L.  ?  9  (18—21)  ;  (9)  Anthophora  pilipes,  F. 
9  ^  (19—21) ;  (10)  Osmia  rufa,  L.  ^  (7—8)  ;  (11)  0.  aenea,  L.  ?  (9—10)  ; 
(12)  0.  fusca,  Christ.  (=»bicolor,  Schrk.),  all  sucking  normally  and  dustitag 
their  heads  with  pollen  ;  (13)  Andrena  nitida,  Fourc.  $  (34) ;  (14)  A.  labialis, 
K.  (J  ;  (15)  Halictus  zonulus,  Sm,  ?  (4) ;  these  three  are  unable  to  reach  thie 
honey,  and  abandon  the  plant  after  visiting  a  few  flowers.  B.  Diptera — Syr- 
phuUt :  (16)  Rhingia  rostrata,  L.  (11 — 12),  usually  s.  and  f.p.  on  the  same  flowei:, 
while  sucking  it  dusts  its  head  with  pollen.  C.  Lepidoptera — (a)  Rhopalocera: 
(17)  Pieris  brassicao,  L.  (15)  ;  (18)  P.  napi,  L. ;  (19)  P.  rapes,  L.  ;  (20)  Rlio- 
docex:a   rhamni,   L.   (15—16)  ;   (21)   Papilio   Podalirius, .  L. ;  (22)   HjBspem 
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alveolus,  H  ;  (b)  Sphingu :  (23)  Macroglossa  fuciformis,  L.  (Stromberg),  all 
•ucking.    See  also  No.  590,  11 1. 

Afuga  pyramidalis,  L.,  is  said  by  Ricca  to  be  homogamous 
(665);  I  have  found  it  slightly  proterandrous,  and  visited  by 
humble-bees  (609). 

Ajuga  genevensis,  L. — The  flowers  are  larger  than  those  of  A. 
pyramidalis,  and  the  nectary  is  very  large.  The  plant  is  visited 
by  humble-bees  and  by  Lepidoptera.  A  proboscis  7  to  8  mm.  long 
is  requisite  to  reach  the  honey  (609). 


REVIEW  OF  THE  LABIATE. 

Delpino  mentions  the  following  six  points  as  characteristic  of 
the  flower  in  LabiatsB  (178). 

(1)  The  horizontal  position  of  the  axis  of  the  flower.  (2) 
Division  of  the  corolla  into  upper  and  lower  lips.  (3)  Union  of 
two  petals  in  the  upper  lip,  three  in  the  lower.  (4)  Position  of 
anthers  and  stigma  below  the  vaulted  upper  lip,  which  shelters 
them.  (5)  Position  of  the  nectary  at  the  base  of  the  flower  below 
the  lower  Up,  whose  anterior  part  forms  a  platform  for  insects. 
(6)  Well-marked  dichogamy  ("  d^ciso  asincronismo  ncllo  svUnppo 
degli  organi  sessualV)  (Delpino,  No.  178,  p.  128;  Hildebrand, 
No.  360). 

But  this  summary  is  only  correct  if  we  call  only  those  Labiates 
typical  to  which  it  directly  applies ;  it  requires  most  important 
modifications  if  it  is  to  hold  good  for  the  majority  of  Labiates. 
For  (1)  the  axis  of  the  flower  is  never  or  hardly  ever  truly 
horizontal,  but,  as  a  rule,  is  rather  bent  into  the  curve  most 
convenient  for  long-tongued  bees  (Lamium,  Galeobdolon,  Gale- 
opsis,  Betonica,  etc.).  (2)  The  upper  lip  is  entirely  absent  in 
many  cases  (Ajuga,  Teucrium),  bracts  belonging  to  the  flowers 
above  taking  its  place  in  sheltering  the  stamens  from  rain.  (3) 
The  under  lip  is  by  no  means  always  formed  of  three  petals,  but 
in  Lamium,  for  instance,  consists  of  one  only;  the  two  lateral 
petals  have  hero  assumed  a  special  function,  forming  two  erect 
lobes  which  receive  the  bee's  head  between  them.  (4)  The 
stamens  project  beyond  the  corolla  not  only  in  Ajuga  and 
Teucrium,  where  the  upper  lip  is  absent,  but  also  in  Thymus, 
Lycopus,  Mentha,  etc.,  and  the  stigma  also  projects  beyond  the 
corolla  in  Salvia.     (5)  The  fifth  statement  is  correct  for  the  great 


PART  III.]  THE  MECHANISMS  OF  FLOWERS.  503 

majority,  Plectranthus,  Ocymum,  Salvia  patens,  etc.,  being  ex- 
ceptions to  it.  (6)  Dichogamy  has  been  shown  above  to  be  far 
from  universal :  Ajuga,  Lamium,  Galeopsis,  and  others  are  homo- 
gamous,  and  even  in  the  majority  of  the  others  dichogamy  is 
not  so  complete  as  to  prevent  self-fertilisation.  Self-fertilisation 
seems  to  be  rendered  impossible  only  in  the  species  of  NepetA, 
Thymus,  Mentha,  and  Salvia  described  above. 

In  regard  to  the  insects  which  the  Labiatae  have  adapted 
themselves  to,  the  forms  which  I  have  described  show  a  re- 
markable series  of  gradations,  the  visitors  being  more  and  more 
restricted  as  the  length  of  the  corolla-tube  increases. 

The  short-tubed  flowers  of  Mentha  and  Lycopus  are  visited 
chiefly  by  flies  and  also  by  insects  of  various  other  orders.  In 
Thymus  and  Origanum,  in  addition  to  flies,  bees  come  more  and 
more  to  the  front,  though  insects  of  other  orders  take  a  certain  share ; 
in  Betonica  bees  and  flies  are  of  about  equal  importance  as  fer- 
tilisers ;  in  Stachys  palustris  and  S.  silvatica  bees  are  very  much 
the  most  important  visitors,  and  in  Lavendula,  Salvia,  Galeobdolon, 
Lamium,  Galeopsis,  Ballota,  Teucrium,  and  Ajuga  bees  perform 
almost  all  the  work  of  fertilisation,  though  Lepidoptera  and 
long-tongued  flies  are  not  excluded. 

Ord.  PLANTAOINE^, 

367.  Plantago  lanceolata,  L. — Delpino  (567)  distinguishes 
three  forms  of  this  species  : — 

"  One  form,''  he  says,  "  with  a  strong  and  very  tall  scape,  and  very  broad, 
white  anthers  which  quiver  in  the  wind,  grows  in  meadows  and  is  exclusively 
anemophilous,  for  I  have  never  seen  it  visited  hy  insects.  The  second  form 
grows  on  the  hills,  and  has  a  much  shorter  scape  ;  it  also  is  essentially  anemo- 
philous ;  I  once  saw  a  species  of  Halictus  on  a  spike,  trying  to  gather  pollen  ; 
but  the  structure  of  the  flower  is  so  unfitted  for  pollen-collecting,  that  great 
part  of  the  pollen  fell  to  the  ground  without  benefiting  either  the  plant  or  the 
insect.  Finally,  the  third  form  is  dwarfish  and  confined  to  the  mountains ; 
it  has  the  shortest  spikes  and  filaments ;  on  meadows  in  the  Apennines  at 
Chiavari  I  have  seen  bees  in  numbers  flying  from  one  flower  to  another  of  this 
variety,  collecting  the  pollen  and  performing  cross-fertilisation. 

'*  This  therefore  is  a  form  of  Plantago  which  hangs  between  the  anemo- 
philous and  entomophilous  conditions,  and  is  capable  of  being  fertilised  equally 
well  by  the  wind  and  by  bees.  If  the  filaments  became  stiff  and  coloured  and 
the  pollen-grains  adhesive  while  the  anthers  lost  their  peculiar  quivering;, 
we  should  have  before  us  the  passage  from  anemophilous  to  entomophilous 
characters,  the  evolution  of  an  entomophilous  from  an  anemophilous  species. 

*^  This  hypothetical  transition  has  actually  occurred.    Plantago  media  is  a 
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form  that  has  become  entomopbiloaB ;  the  filaments  have  become  pink,  the 
anthers  are  motionless,  the  pollen-grains  have  become  more  aggregated,  and  it 
is  visited  regularly  by  Bomhus  terrestrU,  as  I  have  observed  at  the  same  spot 
(Chiavari)  in  the  Apennines.'* 

I  have  transcribed  this  passage  in  order  to  induce  botanists  in 
as  many  places  as  possible  to  observe  the  forms  of  this  species 
with  reference  to  its  adaption  for  insect-visits. 

In  the  neighbourhood  of  Lippstadt  I  have  caught  poUen- 
collecting  bees  and  pollen-feeding  flies  both  on  plants  with  tall 


Fig.  170. — Plantago  laneeolatOj  L. 

1.— Flower,  in  first  (female)  stage.    The  petals  and  stamens  are  still  within  the  biid. 

2. — Ditto,  after  removal  of  the  calyx. 

3.— An  anther  fh>m  this  flower. 

4.— Flower,  in  second  (male)  stsge. 

5. — The  two  inferior  coherent  sepals. 

0.-i-A  lateral  sepal. 


scapes  and  long  spikes  and  on  those  with  short  scapes  and  spikes  ; 
and  in  neither  form  have  I  found  the  least  trace  of  adaptation  to 
insect-visits.  Delpino's  account  is  not  minute  enough  to  permit 
a  correlation  of  his  plants  with  those  of  other  localities,  and  it  is 
quite  possible  that  the  varieties  which  he  has  observed  do  not 
occur  at  Lippstadt. 

It  is  just  possible  that  Delpino  has  been  led  into  imagining 
adaptations  which  have  no  real  existence  by  the  success  which  the 
honey-bee  attains  in  gathering  pollen,  chiefly  owing  to  its  plan  of 
smearing  the  pollen  with  honey.     The  two  extreme  forms  of  P. 
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lanceokUa  which  I  have  gathered  at  Lippstadt,  and  on  which  as 
well  as  on  the  intermediate  forms  I  have  observed  pollen-collecting 
insects,  are :  (1)  a  short  form  with  short  spike  from  the  sunny 
calcareous  slopes  of  the  Eixbecker  Hill ;  (2)  a  tall,  long-spiked 
form  from  the  rich  alluvial  meadows  of  the  Lippe. 

(1)  In  the  most  stunted  specimens  from  the  hill  the  scape 
is  scarcely  four  inches  long,  the  spike  is  spherical,  about  5  mm.  in 
diameter,  and  the  individual  flowers  are  convex  anteriorly,  and 
flat  or  slightly  concave  on  the  side  turned  towards  the  axis ;  of  the 
four  sepals  the  two  inferior  are  coherent  almost  to  the  tips  (Fig. 
170,  5).  While  the  lobes  of  the  corolla  are  still  erect,  contiguous 
(Fig.  170,  2),  and  covered  by  the  sepals  (1),  and  while  the  stamens  are 
still  inclosed  in  the  bud,  with  their  anthers  not  nearly  ripe  and  their 
filaments  scarcely  beginning  to  develop  (3),  already  the  stigma  is 
hilly  mature,  and  protrudes  for  more  than  1  mm.  beyond  the  bud 
(Fig.  170,  1,  2).  As  the  stigma  becomes  withered  and  brown, 
the  filaments  begin  to  grow  rapidly,  and  the  other  parts  of  the 
flower  more  slowly.  At  length  the  lobes  of  the  corolla  fold  back, 
and  the  stamens  with  the  now  ripe  anthers  protrude  5  to  6  mm. 
from  the  flower,  which  is  itself  now  3  (in  the  female  period  only  2) 
mm.  long  (Fig.  170,  4).  The  filaments  are  quite  straight,  but  thin 
and  flexible  enough  to  be  swayed  backwards  and  forwards  by  the 
slightest  breeze,  scattering  a  cloud  of  dry  pollen.  Nevertheless, 
this  pollen  is  collected  by  the  honey-bee.  The  pollen-grains  are 
smooth,  '016  to  '020  mm.  in  diameter  when  dry,  and  swelling  to 
a  diameter  of  '021  to  '026  mm.  when  moistened. 

(2)  The  tall  form  from  the  manured  alluvial  meadows  has 
a  scape  a  foot  to  eighteen  inches  long,  a  spike  15  to  30  mm.  long, 
and  stamens  projecting  6  to  7  mm.  from  the  flower.  In  the  com- 
plete proterogynous  dichogamy,  in  the  cohesion  of  the  two  lower 
sepals,  in  short  in  all  other  characters,  it  agrees  perfectly  with  the 
dwarf  form  from  the  Eixbecker  Hill.  I  have  observed  pollen- 
seeking  insects  indiflerently  on  both  extreme  and  intermediate 
forms. 

A.  Hymenoptera — Apidce  :  (1)  Apis  mellifica,  L.  9>  very  ab.,  cp.  I  wrote 
the  following  account  of  the  honey-bee's  actions  in  the  summer  of  1868,  and 
assured  myself  of  its  accuracy  in  the  three  following  sununers  :  "  The  honey- 
bee flies  buzzing  to  a  spike,  and  while  it  hovers  in  the  air  it  spits  a  little  honey 
on  the  exserted  anthers.  Then,  still  hovering  and  buzzing,  it  brushes  pollen  with 
the  tarsal  brushes  of  its  forefeet  off  the  anther,  the  tone  of  its  hum  becoming 
suddenly  higher  ;  in  the  same  instant  one  sees  a  cloud  of  pollen  rise  from  the 
shaken  anthers.  After  placing  the  pollen  on  its  hindlegs  the  bee  repeats  the 
operation  on  the  same  or  other  spikes,  or  if  it  is  tired  it  alights  on  the  spike 
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and  creepe  upwards.  Since  the  scattered  pollen  in  part  reaches  the  stigmas  of 
tl^e  same  or  neighbouring  plants,  we  have  here  anemophilous  flowers  fertilised 
also  by  insects."  (2)  Bombus  pratorum,  L.  ^ ,  cp.  ;  (3)  Small  sp.  of  Halictus,  busy 
about  the  anthers.  B.  Diptera — Syrphidce :  (4)  Melanostoma  mellina,  L.,  very 
ab.,  f.p. ;  (5)  Syrphus  ribesii,  L.,  f.p.,  freq.  ;  (6)  Volucella  pellucens,  L.,  f.p. 
Whenever  I  have  examined  bees  caught  on  P.  lanceolata  I  have  always  found 
numerous  pollen-grains  among  the  feathered  hairs.    See  also  No.  590,  iii. 

Darwin  found  P.  lanceolata  to  be  gynodioecious   in  England 

(167). 

Plantago  alpina,  L. — The  stigma  does  not  wither  until  after 
the  ripening  of  the  anthers,  so  that  the  plant  retains  the  power 
of  self-fertilisation.  The  limb  of  the  corolla,  and  sometimes  the 
borders  of  the  sepals,  are  red,  which  is  perhaps  an  adaptation 
fiivouring  insect-visits.  The  tendency  towards  homogamy  is 
probably  also  brought  about  by  insect-visits,  as  the  insects  come 
only  for  the  sake  of  pollen,  and  therefore  seek  only  flowers  with 
ripe  anthers  (No.  609,  fig.  139). 

368.  Plantago  media,  L. — While  I  have  been  unable  to  find 
any  trace  of  adaptation  to  insect-visits  in  the  various  forms  of 
P.  lanceohia,  specimens  of  P.  media  which  I  have  examined  seem 
to  show  such  traces  in  the  reddish  colouring  of  the  filaments  and 
the  pleasant  perfume  of  the  plant  Nevertheless,  in  all  the  forms 
of  this  species  the  filaments  are  so  long,  thin,  and  freely  motile, 
the  anthers  so  broad,  and  the  pollen-grains  so  smooth  and  dry, 
that  wind-fertilisation  can  be  eflFected  very  readily.  P.  media, 
therefore,  is  truly  intermediate  between  the  anemophilous  and 
entomophilous  conditions. 

In  the  neighbourhood  of  Lippstadt  P.  media  exhibits  variability 
such  as  Delpino  describes  in  the  case  of  P,  lanceolata.  It  seems 
remarkable  that  the  form  A,  which  I  have  observed  on  dry  sunny 
road-sides,  is  adapted  in  a  less  degree  for  insect-visits  than  the 
form  jB,  which  grows  in  more  shady  spots ;  but  I  must  add  that 
a  form  agreeing  essentially  with  B,  but  much  taller,  grows  on  the 
sunny  slopes  of  the  canal-enbankment  at  Lippstadt,  and  is  much 
visited  by  insects  there. 

The  form  A  has  a  scape  8  to  12  inches  in  length,  and  a  spike 
about  40  mm.  long,  increasing  during  the  flowering  period  to 
70  or  80  mm.  The  filaments,  which  are  bent  down  slightly  by  the 
weight  of  the  anthers,  are  white,  and  protrude  for  7  to  9  mm.  from 
the  flower ;  the  lobes  of  the  corolla  are  acute  and  outspread ;  the 
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stigmas  protrude  far  beyond  the  flower.  The  form  B  on  the  other 
hand  has  a  scape  about  6  inches  long,  and  shorter  reddish  filaments 
which  do  not  bend  under  the  weight  of  the  anthers ;  the  lobes  of 
the  corolla  are  rounded,  and  do  not  spread  apart  but  only  point 
obliquely  upwards,  and  the  stigmas  protrude  Uttle  &om  the  flower. 
The  pollen  in  both  forms  is  powdery,  but  is  slightly  more  adhesive 
in  the  second  form  {S),  as  may  be  seen  by  the  filaments  !a  this 
form  being  usually  covered  thickly  with  poll  en -grains. 


A.  l_S.-AfonnotP, 

1.  bud :  S,  deTeloplng  ( 

..«F*l;p.p«.l:^. 

.1,  Mfgmi 

1  of  P.  (Kdio,  gnwmg  [I 

ftWMMiOf  tlWlHlwf. 

S,Ail[y  developed  Bom 

»rolU:  8,  pl«[L 

The  form  growing  on  the  slopes  of  the  canal-embankment, 
from  which  I  have  chiefly  compiled  my  list  of  insect-visitors,  has 
a  scape  10  to  H  inches  long,  a  spike  35  to  90  mm.  long,  and 
stamens  which  project  only  4'5  to  7  mm,  beyond  the  flower ;  in  the 
form  and  development  of  the  corolla  and  style  and  in  the  nature 
of  the  pollen  it  agrees  well  with  the  form  B  from  the  Rizbecker 
Hill. 
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All  the  specimeDS  of  P.  media  that  I  have  examined  were  less 
markedly  proterogynons  than  P.  lanceolata,  for  the  stigmas  are 
always  still  fresh  after  the  anthers  have  shed  their  pollen;  but 
various  forms  of  P.  media  diflFer  greatly  in  this  respect,  as  may  be 
seen  by  comparing  3  and  4,  Fig.  171. 

The  foregoing  remarks  are  simply  intended  to  call  the  attention 
of  botanists  to  forms  of  P.  media  intermediate  between  the 
anemophilous  and  entomophilous  conditions,  and  so  to  lead  to  more 
thorough  investigation ;  I  do  not  by  any  means  suppose  that  they 
exhaust  the  subject. 

Visitors:  A.  Hymenoptera — Apida:  (1)  Bombus  terrestris,  L.  ?,  c.p., 
ab.  ;  (2)  Eacera  longicomis,  L.  $ ,  seeking  vainly  for  honey  (attracted  by  the 
scent  ?)  ;  (3)  Halictus  albipes,  F.  9  ;  (4)  H.  cyUndricus,  F.  ? ,  both  freq.  ; 
(5)  Andrena,  9  (moderate  size),  do.  ;  (6)  Megachile  circumcincta,  K.  9  • 
B.  Diptera—  (a)  SyrphidcB :  (7)  Melanostoma  mellina,  L.,  I  once  saw  this  fly 
hovering  for  a  long  time  over  many  flowers,  until  it  came  to  P,  ruedioy  on 
which  it  settled  at  once,  and  began  to  stroke  the  anthers  with  its  labellae  (f.p.)  ; 
(8)  Ascia  podagrica,  F.,  f.p. ;  (9)  Syrphus  balteatus,  Deg.,  f.p. ;  (10)  Eristalis 
arbnstorum,  L.,  very  ab.,  f.p.  ;  (11)  Rhingia  rostrata,  L.,  f.p.  ;  (b)  Muscida: 
(12)  Spilogaster  semicinerea,  Wied.,  very  ab.,  f.p. ;  (c)  StratiomyidcB  r  (13) 
Chrysomyia  fonnoea,  Scop.  C.  Coleoptera — (a)  Nxtidulida :  (14)  Meligethes, 
freq.  ;  {h)  Malacodermata :  (15)  Anthocomus  fasciatus,  L.  ;  (16)  Malachius 
seneus,  L.,  both  freq.,  gnawing  the  anthers;  (c)  Cerambycidce  :  (17)  Strangalia 
nigra,  L.,  do.    See  also  No.  590,  ni.,  and  No.  609. 

Ludwig  has  found  P.  rnedia  to  be  gynodioecious  in  Germany. 

Some  species  of  Plantago  have  cleistogamic  flowers  according 
to  Kuhn  (399). 

Ludwig  has  discussed  in  several  papers  the  occurrence  of 
cleistogamy,  gynodioecism,  and  heteranthery  {i.e,  the  existence  of 
different  forms  bearing  anthers  of  difierent  lengths)  (425,  429, 

430,430- 

Obd.  NYCTAGINE^. 

Pisonia  hirtella  is  proterogynons,  according  to  Delpino.  The 
stigmas  in  the  first  stage,  and  the  anthers  in  the  second,  protrude 
some  millimetres  beyond  the  tubular  corolla  (177). 

Oxybaphus  and  Nydaginea  have  cleistogamic  flowers  (Asa  Gray, 
No.  167). 

Neea  theifera,  Oer. — The  diclinous  flowers  have  been  described 
by  Warming  (762)  and  Oerated.^ 

Miralnlis  Jal^pa,  L.,  is  eagerly  visited  by  Sphinx  convolvtdi 
(590,  II.). 

>  Bot.  ZeU.  xxvii.  pp.  217-222,  1869. 
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Obd.  ILLECEBRACEjE, 

Illecebrum  verticillatum,  L.,  has  submerged  cleistogamic 
flowers  (351). 

Herniaria  glabra,  L. — The  flowers  are  very  inconspicuous,  and 
are  visited  by  minute  insects  (590,  ii.). 

Scleranthus  perennis,  L. — The  small  inconspicuous  flowers  have 
no  petals ;  the  sepals,  which  are  white  at  the  edges,  take  the  place 
of  a  corolla ;  the  honey,  which  is  secreted  in  the  lower  half  of 
the  calyx,  is  accessible  to  short-lipped  insects.  Anthers  and 
stigmas  ripen  together,  and  the  widely  outspread  position  of  the 
stamens  favours  cross-fertilisation.  I  have  found  Hedychmm 
coriaceum,  Dhlb.  (Chrysid^B),  sucking  honey  in  the  flowers. 

Obd.  AMABANTACEjE, 

Chamissoa  affords  an  example  of  the  passage  from  a  dimorphic 
to  a  diclinous  condition  (555). 

Obd.  CHENOPODIACE^, 

CheTwpodiurii  amhrosioides  is  figured  by  Hildebrand  as  an 
example  of  a  self-fertilised  plant  (351). 

Clienopodiuni  allnim,  L.,  is  anemophilous,  but  is  visited  by 
pollen-eating  Syrphidse  (MelaTiostaina  mellina,  L.)  (590,  II.). 

Chenopodium  honits^Henricus  is  proterogynous  according  to 
Warming  (762). 

Obd.  polygon AGE^. 

369.  Polygonum  fagopyrum,  L. — The  flowers  are  made  con- 
spicuous by  their  white  or  red  perianth,  by  aggregation,  and  by 
their  perfume.  Eight  rounded  yellow  glands  at  the  base  of  the 
stamens  secrete  honey,  which  lies  at  the  bottom  of  the  shallow 
outspread  perianth;  it  is  accessible  to  short-lipped  insects,  and 
attracts  great  numbers  of  insects  of  diflerent  orders. 

Three  stamens,  with  their  pollen-covered  sides  turned  outwards, 
stand  close  round  the  styles  in  the  middle  of  the  flower ;  five,  with 
their  pollen-covered  sides  directed  inwards,  stand  round  the  cir- 
cumference. The  eight  nectaries  lie  at  the  bottom  of  the  flowei 
between  the  inner  and  outer  stamens,  so  that  insects  must  come 
between  these  to  reach  the  honey,  and  h^ce  get  dusted  with 
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poUea  on  both  sides.  This  species  is  dimorphic,  and  in  this  respect 
it  stands  alone  in  its  genus.  The  anthers  stand  in  the  one  fonn 
on  a  level  with  the  stigmas  in  the  other,  and  there  is  -the  usual 
difference  in  the  size  of  the  pollen-grains.  In  long-styled  flowers 
(Fig.  172, 1),  most  visitors  touch  the  anthers  with  their  heads,  and 
the  stigmas  with  the  sides  or  ventral  surfaces  of  thorax  and  abdo- 
men. The  converse  takes  place  in  the  short-styled  forms,  so  that 
le^timate  fertilisation  for  the  most  part  takes  place,  though  neither 
ill^timate  crossing  nor  fertilisation  of  a  flower  with  its  own  pollen 
are  quite  prevented. 

The  smaller  visitors,  6.g.  Andrena  nana,  which  creep  about 
irregularly  in  the  flower,  may  lead  to  self-fertilisation  and  legiti- 
mate or  ille^timate  crossing  indifferently. 


Occasionally  flowers  occur  on  long-styled  plants,  in  which  the 
style  is  so  much  shorter  than  usual  that  the  stigmas  lie  between 
the  three  inner  stamens  and  get  dusted  by  their  pollen. 

Self- fertilisation  is  probably  inoperative  under  ordinary  circum- 
stances in  the  Buckwheat,  but  under  altered  conditions,  if  insect- 
visita  decreased,  it  might  easily  come  into  play  (cf.  Darwin,  167, 
p.  113). 

The  following  insects  were  almost  all  collected  by  me  on 
Buckwheat,  one  sunny  day,  in  a  large  field  near  Salzkotten  (June 
21,  1888). 

A.  HymenopUra^Co)  Apida :  (1)  Apia  mellificft,  L.  (J ,  very  ab.,  s.  And 
c.p.,  making  fully  nine-teutha  of  all  the  visiton ;  (2)  Bombaa  lapidariue,  L. 
^  ^,  ^i  (S)  Andrena  fulvicTui,  K.  ^  3,  ah.,  s.  and  cp.  ;  (4)  A.  dorsata,  K. 
?  ;  (6)  A.  pilipes,  F.  ?  ;  (6)  A.  helvola,  L.  ?  ;  (7)  A.  varUnB,  Rosri,  2  ;  (8) 
A.  albicruB,  K.  ?  ;  (9)  A.  Gwynana,  K.  2  j  (10)  A.  nana,  K.  2  i  (H)  A. 
McoloT,  F.  (ffistivB,  Sm.),  J  ;  (12)  Sphecodes  gibbus,  L.,  Nob.  4—12,  Hacking 
only;  (6)  Spktgida:  (13)  Pompilna  triWalis,  Kl.  ;  (14)  Cerceria  labiata,  F.  2  ; 
(15)  C  sunta,  Dlb.  (Q  qninqnefaockta,  Bon.),  c^,  all  b.  ;  (e)  TtiiJhrtdiHidtB  .• 
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(16)  AthaliA  spiuArum,  F.,  B.  B.  Diptem— (a)  SyrpAate.- (17)  Eristalis  tenax, 
L. ;  (18)  £.  {KTtinax,  Suop. ;  (19)  E.  nemorum,  L. ;  (SO)  E,  arbuBtonun,  L. ; 
(21)  E,  ■epnlcralis,  L.  ;  (22)  E.  intricariua,  L  ;  all  ab.,  e.  or  f.p. ;  (23)  Helo- 
philuB  floreuB,  L.  ;  (24)  Syritta  pipiena,  L,  ;  (25)  Chrysotomm  festivum,  L.  ; 
(26)  MelithreptRS  acriptui,  L.  ;  (27)  H.  tKniatua,  Mgn.  ;  (28)  SyrphiiB  pj- 
raatri,  L. ;  (29)  Pipiza  fuDebris,  Mgn.  ;  (30)  CheiloBia  scutellata,  Fallen ;  ib) 
Muicida:  (31)  PoUenia  Vespillo,  F.  ;  (32)  Muaca  corvina,  F.  ;  (33)  Lncilia 
comicina,  F.  ;  (34)  Sarcophaga  camaria,  L,  ;  (c)  Stratiomyida  :  (35)  Odon- 
tomia  yiridula,  F.  ;  (36)  Stratiomys  ChamEeleon,  Deg.,  ab.  ;  (37)  Str.  riparia, 
Mgn. ;  most  of  theee  flies  sucking,  the  STrphidae  also  eating  pollen.  C.  Lepido- 
ptera— (36)  Vanessa  urticee,  L.  ;  (39)  Pieria  brassicse,  L.  ;  (40)  P.  napi,  L.  ; 
(41)  PolyonunatUH  PhltEBs,  L.,  all  s, 

370.    PoLTGONDM   BiSTORTA,   L. — As  in   p.  fagopyrum,  the 
flowers  are  made  conspicuous  by  aggregatioD  and  by  their  coloured 


perianth;  eight  red  swellings  at  the  base  of  the  stamens  secrete 
honey,  which  lies  freely  open  at  the  bottom  of  the  flower.  The 
power  of  self-fertilisation  has  been  lost;  but  while  in  P.  fagopyi-um 
crossing  has  been  insured  by  the  development  of  long-styled  and 
short-styled  stocks,  in  P.  Bistorta  the  same  end  has  been  guned  by 
complete  proterandrous  dichogamy.  In  the  first  sta^e,  the  anthers 
protrude  freely  from  the  flower,  which  never  expands  very  widely ; 
afterwards,  when  the  anthers  are  withered  and  mostly  fallen  off, 
the  ends  of  the  styles  with  their  stigmas  protrude. 

On  the  meadows  at  Brilon,  I  saw  the  flowers  plentifully  visited 
by  flies,  but  I  was  busy  with  other  observations  and  can  name 
only  the  following  easily  recoguiEed   forms :  Shingia  rottrata,  L., 
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Volucelld  bonibylaiis,  L.,  and  Si/rphits  ribesit,  L.  All  three  settled 
upon  the  spikes,  thrusting  their  tongues  into  one  flower  after 
another,  and  so  dusting  their  ventral  surfaces  with  pollen. 

In  my  garden  I  have  often  seen  Sarcophaga  camaria  trying  to 
insert  its  proboscis  into  the  flowers,  and  generally  failing  in  the 
attempt.  Syritta  pipieiis,  L.,  always  failed  in  the  same  attempt ; 
if  the  flower  happened  to  be  in  the  second  stage,  it  flew  away 
after  a  few  fiedlures,  but  stayed  to  eat  pollen  if  the  flower  was  in  its 
first  or  male  stage. 

I  have  often  seen  Andrena  albicans,  L.  9,  climbing  up  the 
spikes.  Now  and  then  I  have  watched  an  individual  first  failing 
continually  on  several  spikes  to  insert  its  proboscis  into  the  flowers, 
and  then  gradually  acquiring  the  knack,  and  ending  by  performing 
the  operation  regularly. 

The  honey-bee  visits  the  plant  in  considerable  numbers,  and 
never  fails  to  insert  its  proboscis  successfully* 

Visitors  in  Low  Germany  :  A.  Hymenoptera — Apiche  :  (1)  Apis  mellifica, 
L.  9  J  (2)  Andrena  albicans^  lu  ? .  B.  Diptera — (o)  Syrphidoi :  (3)  Volucella 
bombylans,  L. ;  (4)  SyrphuB  ribesii,  L. ;  (5)  Syritta  pipiens,  L  ;  (6)  Rhingia 
rostrata,  L.  ;  (b)  MuscidcB :  (7)  Sarcophaga  camaria,  L.  See  also  No.  590, 11. 
A  list  of  Alpine  visitors  (one  beetle,  ten  flies,  five  Hymenoptera,  twenty-one 
Lepidoptera,  and  Panoipa  communlB)  is  given  in  No.  609. 

Polygonum  viviparum,  L.,  is  remarkable  for  the  polymorphism 
of  its  flowers.  In  Sweden,  Axell  found  it  occurring  in  two  forms, 
some  plants  being  hermaphrodite  and  proterandrous,  others  female 
only  (17).  I  have  also  found  hermaphrodite  and  female  forms  at 
Franzenshoh,  but  the  former  were  homogamous.  At  Madulein  I 
found  hermaphrodite  stocks  showing  all  stages  of  suppression  of 
the  pistil  down  to  purely  male  flowers  and  plants  (609,  fig.  169). 

37L  Polygonum  Persicaria,  L. — Like  the  two  foregoing 
species,  the  flowers  have  white  or  red  perianths;  they  are 
aggregated  in  a  spike  20  to  30  mm.  long  and  6  to  10  mm.  broad. 
The  smaller  size  of  the  flower  and  of  the  spike,  the  want  of 
odour  and  much  smaller  supply  of  honey,  render  insect-visits  very 
much  rarer.  It  is,  therefore,  of  more  importance  for  self-fertilis- 
ation to  be  possible  in  default  of  insect-visits,  than  for  cross- 
fertilisation  to  be  absolutely  insured  when  insect-visits  do  take 
place.  Accordingly,  the  structure  of  the  flower  difiers  considerably 
from  that,  of  the  two  preceding  species. 

;Of  the  eight  stamens  three  at  most  are  much  reduced  or  have 
entirely  disappeared,  though  flowers  often  occur  with  six,  seven,  or 
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eight  stamens.  The  five  which  are  constantly  present  alternate 
with  the  parts  of  the  perianth  ;  the  other  three  stand  opposite  to 
the  parts  of  the  perianth.  At  the  base  of  each  perianth-segment 
is  a  nectary,  secreting  very  scanty  honey,  which  remains  in  a 
moist  adhesive  layer.  The  ovary  is  generally  bilateral,  bearing 
a  style  which  divides  into  two  branches,  each  bearing  a  stigmatic 
knob;  but  three  stigmatic  branches  often  occur.  Anthers  and 
stigmas  ripen  together  and  stand  at  the  same  level.  The  flower 
expands  until  the  perianth  forms  an  almost  hemispherical  cup, 
and  the  five  stamens  alternating  with  the  perianth-segments 
spread  out  as  far  as  the  perianth  allows.  The  stigmas  are,  there- 
fore, seldom  or  never  touched  by  these  stamens,  but  the  other 
three  stamens,  when  present,  bend  towards  the  middle  of  the 
flower  and  come  in  contact  with  the  stigmas.   Now  although,  as  in 
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Fig.  IIA.—Polyfjonum  Pirnienria,  \j. 

1.  -Hower  with  five  stamens. 

2.  -riatil. 

s.— Flower  with  seven  stamens. 

a,  five  outer  anthers;  a\  inner  anthers;   a',   rudimentary  filament; 
or,  rivary  ;  »t,  stigma ;  «,  nectary. 


P.fagopyritm,  the  five  outer  anthers  shed  their  pollen  inwards  and 
the  three  others  outwards,  self-fertilisation  takes  place  regularly 
in  all  flowers  with  more  than  five  stamens,  since  the  anthers 
dehisce  so  widely  as  to  be  covered  with  pollen  all  round.  Whether 
flowers  with  only  five  stamens  fertilise  themselves  in  absence  of 
insects  I  cannot  say  from  direct  observation ;  but  they  probably 
do  so,  as  almost  all  the  flowers  of  P.  Pcrsicaria  develop  seed,  in 
spite  of  the  scanty  insect-visits.  The  flowers,  as  I  have  often 
seen,  remain  expanded  even  in  rain,  and  self- fertilisation  in  flowers 
with  five  stamens  can  only  take  place  at  the  end  of  the  flowering 
period,  when  the  perianth  closes  up  and  brings  stigmas  and 
stamens  into  contact. 

The  small  size  of  the  flower  causes  every  insect  that  inserts 
its  head  to  touch  one  or  two  stamens  and  a  stigma.  If  the  insect 
thrusts  its  proboscis  once  into  each  flower,  cross-fertilisation  must 

L  L 
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generally  be  eflfected,  but  if  it  does  so  more  than  once  self-fertilisa- 
tion is  just  as  likely  to  take  place. 

A.  Diptera — SyrphidcB :  (1)  Eristalis  tenax,  L.,  freq.  ;  (2)  E.  sepulcralis, 
L.,  comparatively  ab.  ;  (3)  E.  arbustorum,  L.  ;  (4)  Syritta  pipieng,  L.,  the 
most  ab.  visitor ;  (5)  Ascia  podagrica,  F.,  almost  as  ab. ;  (6)  Melithreptus 
Bcriptus,  L. ;  (7)  M.  tajniatus,  Mgn. ;  all  s.,  the  species  of  Eristalis  and  Meli- 
threptus  also  eating  pollen.  B.  Hymenoptera — Apido' :  (8)  Andrena  dorsata, 
}L  9  ;  (9)  Halictus  albipes,  F.  ?  ;  (10)  Prosopia  armillata,  NyL  (J ;  all  three 
scarce,  s.  C.  Lepidoptera — (11)  Pieris  rapa;,  L.,  one  specimen  inserted  its 
proboscis  but  flew  away  again  at  once. 

372.  Polygonum  lapathifolium,  L.,  has  usually  five  stamens, 
of  which  one  or  more  are  generally  bent  inwards  and  come  in 
contact  with  the  stigmas. 

Visitors  :  Diptera — SyrphidcR :  (1)  Eristalis  sepulcralis,  L.,  s.  ;  (2)  SjTitta 
pipiens,  L.,  s.  ;  (3)  Ascia  podagrica,  F.,  s. 

373.  Polygonum  minus,  Huds. — The  flowers  of  this  species 
are  about  as  large  as  those  of  P.  Perskaria,  but  form  much  looser 
spikes,  and  are  therefore  less  conspicuous  and  less  visited  by 
insects. 


y  2. 

Fia.  175.— Polygonum  minu$,  Huds. 

1.— Flower,  viewed  obliquely  from  above. 

2.  —Ditto,  in  side  view,  after  removal  of  the  two  anterior  segments  of  the  perianth. 

On  a  patch  of  P.  minus  and  P,  Pcrsicaria  in  hot  sunshine 
(August  16, 1871)  I  saw  six  diflferent  species  of  flies  and  two  of  bees 
visit  P.  Persicaria,  while  only  two  species  of  flies  visited  P.  min  us. 

As  the  prospect  of  insect-visits  is  smaller,  those  stamens  which 
stand  opposite  to  the  perianth  segments  and  which  curve  inwards 
persist  more  frequently;  so  that  flowers  with  only  five  stamens 
are  rarer  in  P,  minus  than  in  P.  Persic/tria,  and  the  flowers  have 
generally  six  to  eight  stamens  around  a  trifid  style.  Otherwise 
the  flowers  agree  with  those  of  P,  Pcrsicaria. 

T>\^iQm—Syrphidm :    (1)   Ascia   podagrica,    F.,   s.  ;   (2)   Syritta  pipiens;, 
L.,  8.  ;  (3)  Melithreptus  pictus,  Mgn.,  and  (4)  M.  menthastri,  L.,  a.  and  f.p. 
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374.  Polygonum  aviculare,  L.— The  tiny  flowers,  scarcely 
2i  mm.  in  diameter,  are  solitary,  and  therefore  very  inconspicuous ; 
they  are  odourless  and  show  no  honey,  and  are  very  rarely  visited 
by  insects.  They  always  fertilise  themselves,  and  every  flower 
produces  seed. 

The  number  and  arrangement  of  the  floral  organs  is  as  in  P. 
fagopyrum.  The  five  segments  of  the  perianth,  which  have  the 
function  of  a  corolla  in  P,  fagopyrum,  serve  chiefly  as  a  calyx  (i.e. 
a  protective  covering  for  the  reproductive  organs)  in  P,  aviculare  ; 
their  lower  parts  are  green,  and  only  their  extremities,  which  are 
white  or  red,  play  the  part  of  a  corolla  in  rendering  the  flower 
conspicuous.  The  five  stamens  alternating  with  the  parts  of  the 
perianth,  which  bend  outwards,  and  the  other  three  which  curve  in 
to  the  centre  till  their  anthers  stand  immediately  over  the  three 


Fia.  176. — Polygonum  aricuUire,  L. 

1.— Flower,  ftrom  above. 

2— Ditto,  in  side-view,  after  removal  of  the  two  anterior  parts  of  the  perianth  and  of  half  the 
stuinens. 

a,  the  Ave  outer,  o',  the  three  inner  anthers ;  or,  ovary ;  «<,  stigma. 


stigmas,  have  fleshy  thickenings  at  their  bases ;  but  I  have  never 
succeeded  in  finding  drops  of  honey.  If  the  flower  really  secretes 
no  honey,  it  can  only  have  attractions  for  pollen-eating  flies  and 
pollen-collecting  bees.  In  any  case,  from  the  simultaneous 
development  of  the  male  and  female  organs,  and  from  the  situ- 
ation of  the  three  inner  anthers  over  the  stigmas,  an  insect- visitor 
must  lead  to  self-fertilisation  as  easily  as  to  cross-fertilisation.  I 
had  often  watched  this  plant  in  vain,  but  at  length  on  a  very  hot 
sunny  day  in  August,  1871,  I  saw  several  insects  visit  it.  They 
were  several  specimens  of  three  small  Syrphidse,  viz.  Ascia  poda-- 
(jrica,  F.,  Syritta  pipiens,  L.,  and  Melithreptus  menthastri,  L.  I 
came  to  the  conclusion,  by  close  observation,  that  Syritta  pnpi^'iM 
was  not  only  feeding  on  pollen,  but  was  thrusting  its  proboscis 
into  the  base  of  the  flower,  as  if  to  suck  honey ;  it  was  therefore 
either  sucking  in  vain,  or  licking  a  very  thin  layer  of  honey. 

L  L  2 
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REVIEW   OF   THE   SPECIES   OF   POLYGONUM. 

The  species  of  Polygonum,  like  those  of  Geranium,  show  clearly 
how  with  conspicuousness  and  abundance  of  honey  the  number 
and  variety  of  visitors  increase,  and  how,  as  the  likelihood  of  cross- 
fertilisation  is  thus  increased,  the  possibility  of  self-fertilisation 
becomes  less  important ;  the  converse  is  also  clear.  But  they 
show  at  the  same  time  that  the  abundance  of  a  plant  is  in  no 
way  determined  alone  by  the  certainty  of  cross-fertilisation. 

P,  fagopyruni  and  P.  Bistorta  have  the  most  conspicuous 
flowers,  the  most  abundant  honey,  and  the  most  numerous  visitors ; 
in  both,  cross-fertilisation  is  insured  and  self- fertilisation  rendered 
difficult  or  impossible, — in  the  former  species  by  dimorphism,  in 
the  latter  by  well-marked  proterandrous  dichogamy.  P.  Persicaria 
and  P.  lapathifolium  have  much  smaller  flowers  and  scantier 
honey ;  but,  by  union  of  their  flowers  in  a  spike,  they  become  fairly 
conspicuous  and  attract  fairly  numerous  visitors ;  both  waver 
between  insuring  cross-fertilisation  and  insuring  self-fertilisation, 
and  seem  to  make  use,  to  a  great  extent,  of  both  processes.  In 
P.  minus  the  flowers  are  about  as  large  and  rich  in  honey  as  those 
of  P.  Persicaria,  but  are  united  in  much  looser,  thinner  spikes ; 
they  are  therefore  less  conspicuous,  less  visited  by  insects,  and 
more  subject  to  self-fertilisation.  Finally,  in  P.  avindare,  whose 
flowers  are  not  only  much  smaller,  but  are  solitary  and  devoid  or 
almost  devoid  of  honey,  insect-visits  and  consequent  cross-fertilisa- 
tion are  only  the  exception  ;  yet  this  species  is  with  us  the  most 
abundant  of  its  genus,  and  one  of  the  commonest  of  our  native 
plants. 

The  species  of  Rumex  are  anemophilous,  and  Axell  figures  the 
flowers  of  Rumex  crispris  to  compare  them  with  the  entomophi- 
lous  flowers  of  Rheicm  Rhaponticum  ;  I  have  however  found  a  bee, 
Halidus  cylindriciis,  F.  ?,  busily  engaged  upon  the  anthers  of 
Rum£x  obticsifolitcs,  L.;  and  in  the  Alps  I  have  often  seen  red  butter- 
flies seated  on  Rumex  when  in  seed  and  like  them  in  colour  (590, 
II. ;  609). 

Ord.  CYTINAGE^. 

Brugmans^ia  Zippelii,  Blume,  is  fertilised,  in  Delpino's  opinion 
by  carrion-flies  which  are  detained  for  a  time  in  the  flowers  (178). 
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Darwin  supposes  that  the  flowers  of  Bnigmansia  are  visited 
legitimately  by  long-billed  humming-birds,  but  that  short-billed 
humming-birds  bore  through  the  corolla  and  steal  the  honey  (164). 
Rafflesia  Amoldi,  R.  Br.,  Horsfieldi,  R.  Br.,  and  Patma,  Bl.,  are 
probably  fertilised  by  carrion-flies  (178). 

Ord.  ARISTOLOCUIACE^. 

Asarum  europccvm,  L.,  and  A.  canadense,  L.,  are  proterogynous 
with  short-lived  stigmas.  In  the  first  stage  the  stigma  is  mature, 
and  the  twelve  anthers  are  still  at  the  base  of  the  flower.  In  the 
second  stage  the  stamens  grow  up,  arch  over  the  stigma,  and 
dehisce  outwards.  The  fertilisers,  in  Delpino's  opinion,  are  small 
flies  (177). 

Asarum  may  be  looked  upon  as  an  incomplete  stage  in  the 
development  of  the  prison  of  Aristolochia  (589). 

Heterotropa  asaroidcs,  Mor.  and  Dene. — The  flowers  are  interme- 
diate in  structure  and  in  the  mechanism  of  pollination  between 
Asarum  and  Aristolochia.  According  to  Delpino,  the  involute 
edge  of  the  ventricose  corolla  forms  a  temporary  prison  for  the 
insect- visitors,  which  are  probably  flies  (178,  360). 

375.  Aristolochia  Clematitis,  L. — The  remarkable  structure 
of  this  flower,  which  was  long  the  only  example  known  of  a  tem- 
porary prison  for  insects,  was  so  far  unravelled  by  SprengeVs  acute 
and  patient  observations,  that  Hildebrand's  investigations  have 
brought  nothing  new  to  light,  except  the  fact  of  proterogyny  and 
consequent  cross-fertilisation  (349). 

The  erect  tube  of  the  corolla  is  in  the  first  stage  lined  with 
reflexed  hairs,  which  permit  small  midges  to  creep  down  into  the 
lower  wider  part  which  affords  them  shelter,  but  prevents  them  from 
creeping  up  again.  In  this  cage  the  insect-visitors  find  the  stig- 
mas mature,  and  fertilise  them  with  pollen  brought  from  flowers 
visited  before,  the  anthers  meanwhile  remaining  closed.  On  the 
withering  of  the  stigmas,  the  anthers  open  ;  the  tube  of  the  flower 
bends  downwards;  the  hairs  wither  and  release  the  prisoners, 
laden  with  pollen,  to  fertilise  other  flowers  which  are  still  in  their 
first  (female)  stage. 

Among  numerous  small  species  of  gnats  which  I  took  in 
hundreds  from  the  flowers  of  Aristolochia  Clematitis,  Herr  Win- 
nertz  identified  the  following : 

(a)  Chironomida :  (1)  Ceratopogon  sp.  ;  (2)  Chironomus  sp.  ;  (b)  Bibionida : 
3)  Scatopse  soluta,  Loew. 
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376.  Aristolochia  Sipho,  L.  (178,  349,  360).— In  this  species 
the  corolla  maintains  the  same  position  during  the  whole  period  of 
flowering.  Its  lower  part  is  directed  straight  downwards,  and  then 
with  a  sudden  bend  turns  directly  upwards ;  it  is  moderately  wide, 
and  the  mouth  is  provided  with  a  three-lobed  lip.  In  this  species, 
as  in  the  previous  one,  we  find  flies  imprisoned  during  the  first 
stage,  while  the  stigmas  alone  are  ripe ;  they  fertilise  the  stigmas 
with  pollen  brought  from  other  flowers,  and  remain  caged  until 
the  stigmas  wither  and  the  anthers  shed  their  pollen. 

The  reason  why  they  stay  imprisoned  so  long  seems  to  me  still 
insufficiently  explained.  In  Delpino's  opinion,  to  which  Hilde- 
brand  assents,  the  smooth  sides  of  the  tube  prevent  the  flies 
creeping  up,  until  the  withering  of  the  flowers  affords  them  foot- 
hold. This  explanation  can  only  be  correct  if  that  part  of  the 
tube  which  slopes  downwards  from  the  entrance  is  distinctly 
smoother  than  the  other  portion  which  leads  up  from  the  lowest 
part  of  the  tube  to  the  expanded  terminal  chamber ;  for  if  both 
are  equally  smooth  the  flies  will  have  as  much  difficulty  in 
climbing  up  into  the  stigmatic  chamber  as  in  climbing  back  out 
of  the  flower.  In  Arum  I  have  repeatedly  noticed  that  the  small 
midges  try  to  escape  from  their  prison,  not  by  creeping,  but  by 
flying  towards  the  light,  and  get  knocked  down  by  the  grating  at 
the  mouth  of  the  flower.  So  if  in  Aristolochia  Sipho  the  inside 
of  the  tube  is  all  so  smooth  that  flies  can  climb  neither  one  way 
or  the  other  from  the  lowest  part,  the  reason  of  their  imprisonment 
must  be  sought  only  in  the  curvature  of  the  two  ends  of  the  tube, 
the  one  rising  straight  from  the  lowest  part  to  the  cage,  while  the 
other  part  which  rises  up  towards  the  entrance  of  the  flower  is  so 
bent  outwards  at  its  upper  end  that  the  insects  flying  towards  the 
light  knock  against  the  bend  and  fall  back  again.  They  are  set 
free  by  the  shrivelling  up  of  the  corolla,  which  enables  them  to 
creep  out. 

Delpino  found  in  the  cage  :  (a)  Mmnthv :  (1)  Loncbfca  tarsata,  Fallen  ; 
(6)  Phoriihe :  (2)  Phora  puniila,  Mgn.  I  found  :  MuBcidis :  (1)  Saprtnnyza 
apicalis,  Loew,  very  ab. ;  (2)  Myodina  fibrans,  L.,  scarce  ;  also  a  small  black 
gnat,  very  ab.,  wliich  I  was  unable  to  identify. 

Ai-istolochia  altimmu,  Ds£,  A,  rotimda,  L.,  and  A,  pallida,  W., 
show  only  slight  variations  from  A.  Ckmatitis,  according  to  Delpino 
(178). 

A.  BanplaruU,  Ten.,  unites  the  form  of  corolla  of  A.  Sipho  with 
the  transitory  hairs  of  A,  Clcmatitis  (360). 
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From  the  dark-red  colour  and  putrid  smell  of  A,  grandijlora, 
Sw.,  in  Jamaica,  Delpino  conjectured  that  it  was  visited  by  carrion- 
flies  ;  and  also  that  the  tendril  which  passes  from  the  upper  margin 
of  a  flower  to  curl  round  a  neighbouring  twig  held  the  flower,  even 
during  the  visits  of  heavier  insects,  in  the  position  which  it  must 
occupy  to  act  as  a  temporary  prison  (178,  360). 

Obd.  PROTEACE^. 

The  ProteacesB  are  proterandrous  according  to  Delpino.  On 
a  superficial  examination  they  seem  to  fertilise  themselves,  for  the 
anthers  open  in  the  bud  and  shed  their  pollen  on  the  knobbed 
style.  Even  Treviranus  fell  into  this  error.  But  the  stigmas 
themselves  only  come  to  maturity  much  later,  when  probably  the 
pollen  has  been  mostly  carried  away.  According  to  Delpino 
honey-sucking  birds  are  the  visitors  for  several  species  (178,  360). 
See  also  Bentham's  very  interesting  essay  "  On  the  Styles  of 
Australian  Proteaccse"  (85). 

Ord.  THYMEL^ACEjE. 

Daphne  Mezereum,  L. — The  corolla-tube  is  6  mm.  long,  and  2 
mm.  wide  at  the  mouth.  The  flower  is  fitted  for  a  miscellaneous 
lot  of  bees,  long-tongued  flies,  and  butterflies,  by  whicli  it  is  found 
to  be  visited  (Apidae  :  Ai^is^  A  ntJwphora,  Osinia,  Halictus ;  Diptera, 
Syrphidse :  Eristalis ;  Lepidoptera :  Vanessa  nrticai).  The  proboscis 
of  such  insects  in  entering  the  tube  first  rubs  against  the  anthers 
(which  form  two  whorls  of  four  each  in  the  upper  part  of  the  tube) 
without  getting  dusted  by  their  pollen,  which  is  only  very  slightly 
sticky  ;  it  then  comes  in  contact  at  a  lower  level  with  the  stigma, 
before  reaching  the  honey,  which  is  secreted  by  the  base  of  the 
ovary  and  fills  the  lower  part  of  the  tube.  The  insect's  proboscis 
only  gets  dusted  with  pollen  as  it  is  being  drawn  out  of  the  flower. 
In  absence  of  insects  pollen  falls  of  itself  upon  the  stigma. 

Daj)hiu  striata,  Tratinnick. — This  plant  is  a  striking  feature  in 
the  higher  Alps,  with  its  hemispherical,  close-set  trusses  of  white 
or  red  strong-scented  flowers.  By  these  characters,  and  by  the 
narrow  mouth  of  its  corolla  (whose  tube  is  10  mm.  long,  and  whose 
mouth  is  only  1  mm.  wide),  it  is  specially  adapted  for  Lepidoptera, 
which  visit  it  in  great  iSumbers  (578,  vol.  xi. ;  589,  590,  II. ;  609). 
The  flowers  emit  their  scent  chiefly  in  the  evening,  and  are  visited 
especially  by  Sphingidse  and  moths. 

Jjcucosmia  is  dimorphic  (167,  351). 
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Obd.  EL^AGNEuE, 

JEUeagntLS  angustifoliay  L.,  is  visited  by  Apis  mellifica,  L.  9, 
and  Syritta  pipiens  (Syrphidse)  (590,  II.). 

0bi>.  SANTALACE.E. 

Thesium  alpinum,  L.,  is  homogamous  (609,  fig.  154). 
Thesium  pratcnse,  Ehrh.,  is  visited  by  the  hive-bee  (590,  II.). 

Ord.  EUFHOEBIACE.E. 

The  regular  branching  and  the  order  of  succession  of  the 
flowers  in  Euphorbia  helioscopia  has  been  thoroughly  described  by 
Delpino.  He  states  that  Euphorbiaceae  are  fertilised  by  Diptera 
(178,  360). 

This,  however,  is  not  altogether  correct.  Very  many  short- 
lipped  insects  (flies,  beetles,  Hymenoptera)  resort  to  the  freely 
exposed  honey  and  aid  in  the  work  of  cross-fertilisation.  Where 
Euphorbia  is  growing  in  abundance  even  bees  resort  to  it.  I 
have  found  upon  E,  Cyjxirissuis  in  Low  Germany : — Diptera,  4 ; 
Coleoptera,  8 ;  Hemiptera,  3;  Hymenoptera,  10  (Apidse,  4)  ;  Lepi- 
doptera,  1  (590,  ll.).  On  the  same  plant  I  have  found  on  the 
Alps  : — 21  flies ;  1  beetle ;  4  Hymenoptera,  of  which  none  were 
bees;  and  3  Lepidoptera  (609). 

Euphorbia  {Poinsettia)  pulcherrima  has  scarlet  bracts,  and  a 
large  nectary  in  each  {726)} 

A  Brazilian  species  of  DalecJiampia,  according  to  Fritz  Mliller, 
attracts  the  insects  which  cross-fertiUse  it  by  means  of  a  colourless 
resin  secreted  in  special  glands.  This  is  collected  by  the  insects 
(bees),  and  used  in  nest-building  (597). 

Okd.  URTICACEJ!:. 

Tribe  Urticeas, 

The  plants  of  this  tribe  are  anemophilous  ;  the  stamens  explode 
when  the  flower  opens,  scattering  the  pollen  (178). 
Farictaria  has  proterogynous  flowers  (351). 

*  Lists  of  visitors  to  the  following  Euphorbiacetc  are  given  in  No.  590,   11.  : 

Euphorbia  Esula^  L.,  E.  Gerardiana,  Jacq.,  E.  pcplus,  L.,  E.  helioscopia,  L,,  Btucu^ 
sempervircns,  L. 
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Urtica  urem,  L.,  owes  it  great  abundance  to  the  early  period  of 
the  year  at  which  it  flowers,  its  regular  cross-fertilisation,  and  the 
quick  ripening  of  its  fruit  (590,  597). 

Tribe  Artocarpece. 

377.  Ficus  Carica,  L.— The  latest  researches  confirm  the  fact, 
which  Linnaeus  (416A)  was  aware  of,  that  the  so-called  Caprijlcvs, 
which  bears  inedible  fruit,  and  the  fig-tree,  cultivated  for  the  sake 
of  its  fruit  from  time  immemorial,  stand  in  the  relation  of  male  and 
female  to  one  another.  Fertilisation  is  effected  by  a  wasp,  Blasto- 
phaga  grossorura,  Grav.  {Cynijps  Psenes,  L.,  Chalddidoe),  The  hollow 
inflorescence  which  we  call  a  fig  is  very  markedly  proterogynous 
in  both  the  fig-tree  and  the  Caprificus.  The  greater  part  of  its 
inner  wall  is  covered  with  female  flowers,  which  are  mature  when 
the  "eye"  {pstiolum)  of  the  young  fig  opens.  Male  flowers  line 
a  limited  zone  near  the  orifice,  and  are  not  mature  until  the  fig 
is  ripe.  The  Caprificus  produces  three  crops  of  figs  annually,  one 
crop  beginning  to  flower  as  the  previous  one  is  ripe.  Many 
varieties  of  the  fig-tree  ripen  two  crops,  some  three,  annually. 
In  most  cases  each  crop  of  figs,  whether  of  the  fig-tree  or  the 
Caprificus,  brings  only  flowers  of  one  sex  to  full  maturity. 

At  Naples,  the  Caprificus  ripens  its  three  crops  of  inedible  figs 
in  April,  June,  and  August.  The  first  crop  are  called  viamme, 
the  second  projichi,  and  the  third  mammoni.  Each  of  these  hatches 
a  new  generation  of  fig-wasps,  but  it  is  only  the  second  which 
produces  the  pollen  with  which  the  fig-tree  is  cross-fertilised.  Each 
crop  produces  female  flowers  in  which  the  wasps  undergo  their 
development,  but  male  flowers  are  usually  quite  wanting  in  the 
mamme,  few  in  number  in  the  maynvioniy  and  only  plentiful  in  the 
profichi.  The  fig-tree  also  produces  three  crops  in  the  season, 
called  y^ort  dijico,  pcdagnuoli,  and  cimaricoli. 

The  reproduction  of  the  fig-wasp  takes  place  in  the  following 
way.  The  female  wasps  force  their  way  with  the  loss  of  their 
wings  into  young  figs  of  the  Caprificus,  through  the  narrow 
ostiolum.  They  lay  their  eggs  in  the  ovaries  of  the  female  flowers, 
between  the  nucleus  and  the  integuments,  placing  one  egg  only 
in  each.  The  wasp  dies  within  the  fig  to  which  it  has  intrusted 
its  offspring.  In  consequence  of  the  puncture  which  the  wasp  has 
made,  the  female  flower  enlarges  after  the  manner  of  a  gall,  and 
in  its  ovary  instead  of  its  own  embryo,  the  wasp-embryo  develops. 
While  the  figs  themselves  are  proterogynous,  the  wasps  on  the 
other  hand  are  proterandrous.     The  wingless  males  are  the  first  to 
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emerge ;  they  gnaw  their  way  into  the  ovaries  in  which  the  females 
lie,  and  impregnate  them,  and  afterwards  perish  within  tlie  same 
fig  in  which  they  were  bom.  The  winged  females  then  escape 
by  widening  the  passage  made  by  the  males.  They  leave  the  ripe 
fig  by  way  of  the  ostiolum,  and  enter  a  young  fig  either  of  the 
same  Caprificus  or  of  a  neighbouring  fig-tree,  to  lay  their  eggs  in 
its  female  flowers.  The  wasps  which  enter  the  young  Caprificus- 
figs  (either  passing  from  mamvie  to  j^ojichi,  or  from  profidii  to 
mainmoni,  or  from  mammoni  to  mamme)  produce  a  new  progeny ; 
those  on  the  other  hand  which  enter  young  figs  upon  a  fig-tree 
(passing  from  mamme  to  Jiori  di  fico,  or  from  'projichi  to  pedagyiivoli, 
or  from  mamnioni  to  dmaruoli)  leave  no  offspring,  since  in  the 
cultivated  figs  the  female  flowers  are  so  constituted  that  the 
wasps  are  not  able  to  lay  their  eggs  in  the  right  spot. 

Of  the  three  generations  of  wasps  only  those  which  have 
developed  ^ithm  projichi  act  as  fertilising-agents.  In  the  projichi, 
at  the  time  when  the  wasps  escape  from  the  ovaries,  the  zone 
of  male  flowers  near  the  ostiolum  is  covered  with  pollen ;  so  the 
wasps  leave  these  figs  laden  with  pollen.  They  carry  this  pollen 
partly  to  the  stigmas  of  young  mammoni  of  Caprificus,  which, 
however,  rarely  set  a  seed  capable  of  germinating,  and  partly  to 
the  pedagnuoli  of  the  fig-tree,  which  after  this  cross-fertilisation 
bear  good  seed  plentifully. 

While  the  fruit  of  the  Caprificus,  whose  only  use  is  to  supply 
pollen,  remains  hard  and  withers  on  the  tree  or  falls  off  without 
becoming  sweet,  the  fruit  of  the  fig-tree,  when  the  seeds  ripen, 
becomes  sweet  and  juicy,  and  so  attracts  birds  which  disseminate 
the  seeds. 

From  the  most  ancient  times,  as  long  as  the  fig-tree  has  been 
cultivated,  its  artificial  fertilisation  by  means  of  the  Caprificus, 
or  so-called  CapHJication,  has  been  practised.  This  process  consists 
in  hanging  ripe  fruit  of  the  Caprificus  {^projichi)  to  the  branches  of 
fig-trees,  whose  figs  {pedagnuoli)  are  then  in  their  female  stage, 
with  open  ostiola.  The  wasps,  issuing  from  the  former,  enter  the 
latter,  bringing  the  pollen  of  the  projichi  with  them.^ 

Sycomonis  antiquoricm,  Miq. — Tlie  Egyptian  Sycamore  has  for 
its  fertilising  agent  a  small  wasp,  Sycophaga  s^ycomoi^y  Hasselquist, 
which  is  closely  related  to  the  fig-wasp,  and  has  a  similar  mode 
of  life.  The  females  do  not  leave  the  ripe  fruit  through  the 
ostiolum,  but   through  several  holes  which  they  make  near    it. 

*  See  Bibliographical  Index  for  a  list  of  papers  relating  to  Caprification. 
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Both  females  and  males  are  wingless,  and  the  males  are  dis- 
tinguished by  having  a  pair  of  long  appendages  at  the  side  of  the 
abdomen,  which  are  attached  to  the  stigmata,  and  probably  protect 
them  from  the  brown  sticky  pulp  within  the  fruit  (460). 

Paul  Mayer  has  investigated  the  wasps  of  numerous  other  old- 
world  species  of  figs,  mostly  from  herbarium  specimens.  In  some 
species  of  Ficus  and  Syconwims  he  has  found  Blastophaga  and 
Sycophar/a  together,  but  the  whole  number  of  species  of  wasps 
was  very  small.  On  the  other  hand,  the  Brazilian  figs,  of  which 
Fritz  Miiller  examined  ten  species  in  his  own  neighbourhood 
(Blumenau,  province  of  St.  Catharina),  possess  an  astonishing 
variety  of  wasps  belonging  to  the  same  family  of  the  Agaonidm  ; 
some  of  these  belong  to  the  genus  BlustopJiaga,  some  to  a  genus 
like  Ichneumon,  Many  are  adorned  with  metallic  colours,  which 
fact  suggests  a  longer  stay  in  the  open  air.  In  point  of  fact,  most 
of  the  figs  which  Fritz  Miiller  studied,  flower  only  once  a  year, 
so  that  many  of  these  wasps  must,  in  order  to  lay  their  eggs,  seek 
another  tree  of  the  same  species  which  is  just  beginning  to  flower 
at  the  time  when  the  figs  are  ripe  upon  the  tree  where  they  them- 
selves were  developed.  In  the  case  of  many  species  of  these  wasps, 
at  least  four  migrations  are  necessary  in  the  course  of  the  year. 

In  these  figs,  the  old  inflorescence  from  which  the  wasps  issue 
bears  only  male  flowers,  and  the  young  inflorescence  which  they 
enter  bears  only  female  flowers.  Self-fertilisation  is  thus  rendered 
impossible,  and  separate  individuals  are  regularly  crossed.  The 
fruit  becomes  sweet  and  in  many  cases  gaily  coloured  when  the 
seeds  ripen,  and  parrots  which  feed  on  it  help  to  disseminate 
the  seeds  (460). 

Ord.  JUGLANDACEuE. 

Juglans  cinerea,  L.,  in  the  United  States  is  monoecious,  and,  like 
J.  regia,  L.,  in  Europe,  is  sometimes  proterandrous  and  sometimes 
proterogynous  (Darwin,  167,  2nd  ed.). 

Ord.   CUPULIFERJH, 

The  plants  of  this  order  also  are  anemophilous,  but  not  quite 
excluded  from  insect- visits.  On  February  29,  1868,  in  fine 
weather,  I  saw  numerous  honey-bees  busy  collecting  pollen  on  the 
male  catkins  of  the  hazel,  but  none  settled  on  the  female  catkins. 
In  many  places  proterandrous  and  proterogynous  plants  of  the 
hazel  {Coryhcs  Avellana,  L.)  occur  together. 
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Obd.  SALICINEuE. 

378  a.  Salix  cinerea,  L.;  378  6.  S.  caprea,  L.j  378  c.  S. 
AURITA,  L.,  etc. — In  spite  of  the  simplicity  of  their  flowers,  which 
dififer  little  from  the  anemophilous  flowers  of  the  poplar,  willows 
possess  special  modifications  which  bring  them  greater  variety  of 
insect-visitors  in  the  first  sunny  days  of  spring,  and  insure  them 
abundant  cross-fertilisation.  These  are:  1,  the  union  of  many 
flowers  on  one  inflorescence,  which  is  not  only  more  conspicuous, 
but  more  easily  and  quickly  sucked  than  so  many  single  flowers ;  as 
in  all  other  diclinous  entomophilous  plants,  the  male  flowers  are 
more  conspicuous  than  the  female  ones,  owing  in  this  case  to  the 
bright  yellow  colour  of  the  anthers;  2,  the  development  of  the 
flowers  in  many  Salices  before  the  leaves,  which  renders  the  flowers 
conspicuous  among  the  bare  twigs  in  spite  of  their  want  of  coloured 
envelopes ;  3,  the  large  store  of  honey  and  pollen ;  and  4,  above  all, 
the  early  period  of  flowering,  which  leads  many  bees,  especially 
many  species  of  Andrenay  to  resort  almost  exclusively  to  willows  in 
search  of  food  for  their  young.  These  characters,  of  which  the 
only  one  probably  that  has  been  developed  in  direct  reference  to 
insect-visits  is  the  secretion  of  honey,  have  so  far  insured  cross- 
fertilisation  that  the  plants  can  well  aflFord  to  dispense  with  the 
power  of  self-fertilisation.  Most  diclinic  entomophilous  flowers 
{Asparagus^  Ribes  nigrum^  Lychnis  ves2^€rtina,  etc.)  seem  to  have 
become  diclinic  by  degeneration  of  their  formerly  hermaphrodite 
flowers,  but  Salix  seems  to  inherit  its  diclinic  condition  from  the 
oldest  phanerogams,  which  were  diclinic  and  anemophilous. 

Visitors  :  A.  Hymenopt«ra — (a)  Apidce :  (1)  Apis  mellifica,  L.  $ ,  s.  and 
c.p.,  very  ab.  ;  (2)  Bombus  fragrans  (Pall.),  K.  ?  ;  (3)  B.  hortorum,  L.  $  ;  (4) 
B.  lapidarius,  L.  ?  ;  (5)  B.  pratonim,  L.  ?  ;  (6)  B.  Scrimshiranus,  K.  $  ;  (7) 
B.  terrestris,  L.  ? ,  Nos.  2 — 7  s.  ;  (8)  Osmia  rufa,  L.  ^ ,  s.  ;  (9)  Nomada 
succincta,  Pz.  ?  (J,  very  ab.  ;  (10)  N.  lineola,  Pz.  ^  ;  (11)  N.  varia,  Pz.  ^, 
ab. ;  (12)  N.  Lathburiana,  K.  ?  cJ,  ab.  ;  (13)  N.  nificoniis,  L.  9  (?>  very  ab.  ; 
(14)  N.  signata,  Jur.  ;  all  the  species  of  Nomada  s.  ;  (15)  Colletes  cunicularia,  L. 
$  (J,  c.p.  and  8.,  in  hundreds  ;  (16)  Andrena  albicans,  K.  9  ^J,  very  ab,  ;  (17) 
A.  albicrus,  K.  9  (J  ;  (18)  A.  apicato,  Sm.  9  ;  (19)  A.  argentata,  Sni.  (=  gracilifi, 
Schenck)  9>  scarce,  ab.  ;  (20)  A.  atriceps,  K.  (=  tibialis,  K.)  9  ^J  (21)  A. 
chrysosceles,  K.  ^ ;  (22)  A.  cineraria,  L.  9  <?  >  ah.  ;  (23)  A.  CollinsonoDa,  K. 
9  ;  (24)  A.  connectens,  K.  9 ,  scarce ;  (25)  A.  dorsata,  K.  9  cJ  >  ^h.  ;  (26)  A. 
eximia,  Sm.  (J  ;  (27)  A.  Flessa?,  Pz.  9  >  i^re  ;  (28)  A.  fiilvicru.s,  K.  9  c?  >  ah.  ; 
(29)  A.  Gwynana,  K.  9  (J,  ab. ;  (30)  A.  helvola,  L.  9  ^J ;  (31)  A.  nana,  K. 
9  cJ  ;  (32)  A.  nigroajnea,  K.  9  c?  J  (33)  A.  nitida,  Fourc.  ^ ;  (34)  A.  parvuln, 
K.  (J  ;  (35)  A.  pilipes,  F.  ^  ;  (36)  A.  pratensis,  Nyl.  (=  ovina,  Kl.)  9  <?>  ah.  ; 
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(37)  A.  pimctnbta,  Schenk,  ?  ^  ;  (38)  A.  rosa;,  Pz.  ?  ;  (39)  A.  Schrankella,  Nyl. 
?  J  (40)  A.  Smithella,  K.,  j ,  very  ab.,  9 ,  Bcarc*r ;  (41)  A.  TriBunerana,  K. 
$  i  (42)  A.  vftriana,  Rosai,  J  j  (43)  A.  ventraliB,  Imk,  J,  very  ab.,  5  soiree  ;  the 
(J  of  &11  tbe  Atidrence  b.,  tbe  $  h.  and  c.p.  ;  (44)  Ualictus  cylmdricna,  F.  f ; 
(45)  H.  albipea,  F.  ? ,  both  a.  ;  (46)  Sphecodes  gibbus,  L.  ? ,  and  ita  varieties, 
a.;  (6)  Vapida:  (47)  Veapa  germanica,  L.  Ji  »■  i  (*8)  Odynems  parietum, 
L.  S ,  a  ;  (c)  Ichaeamonida :  (49)  VarioUB  sp.  ;  (d)  PleromalidcE :  (50)  Peri- 
lampiis  gp.,  freq.  ;  (e)  Ttnlhrtdinida :  (51)  DoIeruB  madidua,  EL,  a.  ;  (52)  D. 
eglanterife,  F.,  s. ;  (53)  D,  gona^er,  KL,  s.  ;  (54)  Neinatue  rufescens,  H.,  a.  B. 
Diptera — (a)  Empidm .-  (55)  Bbamphomyia  eulcata,  Fallen,  b.  ;  (56)  Empis 
sp.,  ab.,  a.  ;  (6)  Bombylida :  (57)  Bombyliua  major,  L.,  S.  ;  (c)  Syrphida  : 
(58)  EriataliB  tenax,  L. ;  (59)  K  arbuatornm,  L. ;  (60)  E.  intricarins,  L. ;  (61) 
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E.  ptrtinas.  Scop. ;  (62)  Brachypalpus  valgus,  Pz, ;  (63)  Syrphus  pyroatri,  L. ; 
(64)  S.  ribeaii,  L.  ;  (65)  S.  balteatue,  Deg. ;  (66)  Cheilosia  chloria,  Mgn, ;  (67) 
Ch.  braehysoma,  Egg, ;  (68)  Ch.  mo<IeBta,  Egg. ;  (69)  Ch.  pictipennia,  E^. ; 
(70)  Ch.  pr.-ccox,  Ziitt.  ;  (71)  Syritta  pipiena,  L. ;  all  theae  Syrphidte  both  a. 
and  f.p,  :  (rf)  Muacida-:  (72)  Pollenia  rudis,  F.,  f.p.  ;  (73)  Calliphora  erythK>- 
tephalo,  M^n.,  a.  (  (74)  Scatophaga  etercoraria,  L.  ;  (75)  St  merdaria,  L., 
both  ab.,  a.  ;  («)  Conopida :  (78)  Skua  ferrugineus,  L.  ;  (77)  Myopa  buccata, 
L.  ;  (78)  M.  teatacea,  L.,  all  three  rather  freq.,  s.  ;  (/)  Bibionida  :  (79)  Bibio 
Mar>:i,  L.  ;  (80)  B.  Johannia,  L,,  both  apeciea  b.  C.  Coleoptera — (a)  Ntli- 
daliiiiE!  (81)  Mcligetbes,  ab.,  i.h.  ;  (b)  Elaterida:  (82)  Limoniua  parvnlua, 
Pz.  D.  Lfpidoptera— (n)  Rhopalocera  :  (83)  Vaneaaa  urticte,  L.,  ab.,  ». ;  (84) 
LyciEna  ai^inlua,  L.,  a. ;  {b)  MicroUptdopUra .-  (65)  Adela  ap.,  ab.  E.  Hemi- 
ptera — (86)  Anthocoria  ap.,  a.     See  also  No,  590,  11. 
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379.  Salix  repens,  L. — On  the  much  less  conspicuous  flowers 
of  this  small  species,  I  found  only — 

A.  Hymenoptera — (a)  Apidas:  (1)  Apis  mellifica,  L.  9*  8.,ab. ;  (2)  Bombus 
terrestris,  L.  ?,  c.p. ;  (3)  Andrena  ventralis,  Imh.,  ? ,  c.p.,  (J,  s. ;  (4)  A.  pra- 
tenBLB,  Nyl.  ? ,  c.p.  ;  (5)  A.  albicans,  K.  J ,  c.p. ;  (6)  A.  Gwynana,  K.  ? ,  c.p. ; 
(b)  TenthredinidcR :  (7)  Dolerus  eglanterise,  F.,  s.  B.  Diptera — (8)  Bombylius 
major,  L.,  s.  ;  (9)  Myopa  buccata,  L.,  s.  C.  Lepidoptera — (10)  Vanessa 
lo,  L.,  s. 

Scdix  herhaceu,  L. — Even  this,  the  smallest  of  our  Salices,  which 
straggles  over  the  bare  rock  of  the  highest  Alps,  attracts  suflScient 
insect- visits  to  be  able  to  dispense  with  the  possibility  of  spontaneous 
self-fertilisation  ;  the  latter  is  rendered  impossible  by  the  dioecism 
of  the  flowers.  This  fact  is  strikingly  opposed  to  the  common 
statement  that  on  the  Alps  (owing  to  the  great  scarcity  of  insects) 
only  those  plants  which  possess  the  largest  and  brightest  flowers 
succeed  in  being  fertilised  by  the  aid  of  insects.  The  flowers  are 
inconspicuous,  but  the  honey  is  very  abundant.  The  only  visitors 
that  I  have  found  on  the  flowers  of  S,  herbacea  are  a  small  moth 
{Tineidm)  and  a  fly  {Cosnosiu  sp.),  both  sucking  honey  (609).^ 

Obd.  EMPETRACEJS, 
Umpetrum  nigrum^  L.,  is  anemophilous  (762). 

Gymnospermese. 

These  lowest  and  oldest  Phanerogams  have  diclinic  anemo- 
philous flowers  ;  the  female  flowers  are  devoid  of  a  stigma,  and  possess 
a  cavity  in  the  ovule  between  the  micropyle  and  the  nucleus.  In 
the  flowering  period,  a  drop  of  fluid  rests  upon  the  micropyle  ;  the 
pollen-grains  brought  by  the  wind  are  caught  by  it,  and  are  drawn 
within  the  micropyle  as  the  fluid  evaporates  or  is  absorbed  (178  i.- ; 
712). 

Delpino  has  given  a  fuller  account  of  the  process  of  pollination  in 
PiuTis  pinaster,  Ait.,  and  F,  halepensis,  Ait.,  ( i  yS)  and  in  Lartx  ( i  y^). 

Monocotyledons. 

Ord.  UYDROCHARIDE.E, 

Vallisneria  spiralis,  L. — The  male  flowers  are  set  free  from  the 
plant  and  float  on  the  surface  of  the  water.    The  pollen,  which  had 

^  Insect- visitors  of  Salix  fragilis,  L.,  and  S.  amygdalirui,  L.,  are  enumerated  in 
No.  590,  II.  ;  and  those  of  S,  reticulata,  L.,  and  *S^.  rdma,  L.,  in  No.  609. 
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hitherto  been  protected  from  contact  with  the  water,  is  now  carried 
by  currents  to  the  stigmas  of  female  flowers.  Vallisneria  is,  in  a 
certain  sense,  a  transition  from  the  water-fertilised  to  the  insect- 
fertilised  flowers ;  IFydrocharis  is  distinctly  entomophilous  (178,11.). 

Obd.  ORCHIDEjE. 

This  family  is  remarkable  for  the  following  characters,  due  to 
its  wide  distribution  and  to  its  enormous  number  of  species  :  first, 
for  great  variety  of  habit  and  diversity  of  station;  secondly,  for  its 
immense  variety  of  peculiar  and  highly-specialised  flowers;  and 
thirdly,  for  the  unusually  large  number  of  seeds  produced  in  each 
capsule.  The  diversity  of  habit  and  place  of  growth  must  be  ex- 
plained by  supposing  all  the  parts  of  the  plant  concerned  in  nutri- 
tion to  have  been  very  variable.  I  have  discussed  at  full  length 
their  variability  in  our  recent  species,  in  a  paper  upon  the  genetic 
relations  of  Epipadis  viridifolia,  E.  microphylla,  and  E.  latifolia 

(565). 

The  multipUcity  of  forms  of  flowers  is  not  diflScult  to  under- 
stand if  we  only  suppose  the  ancestors  of  the  family  to  have  been 
as  liable  to  variation  in  their  flowers  as  our  recent  species  are.  Dr. 
Rossbach  has  discussed  the  variability  of  the  flower  in  Orchis fusca} 
and  I  myself  in  the  genus  Habenaria^ 

I  do  not  doubt  that  Orchids  owe  their  extraordinarily  perfect 
adaptations  to  particular  insects  not  only  to  the  tendency  of  the 
parts  of  their  flowers  to  variation,  but  also  to  the  separation  in 
time  of  the  two  stages  in  the  act  of  impregnation.  At  the  time 
of  flowering  the  ovule  is,  as  a  rule,  not  yet  developed ;  pollen  is 
applied  to  the  stigma,  and  the  pollen-tubes  grow  out,  but  the  ovule 
is  only  developed  and  impregnated  weeks  or  months,  sometimes  six 
months,  later.  The  extremely  complete  adaptations  to  cross-fertil- 
isation have  in  their  turn  resulted,  in  many  cases,  in  the  flowers 
becoming  absolutely  sterile  to  their  own  pollen. 

In  regard  to  capacity  for  fertilisation  by  their  own  pollen, 
Orchids  show  the  greatest  possible  differences,  all  of  which,  however, 
are  linked  together  by  intermediate  conditions.  We  find  in  this 
order,  cleistogamic  flowers'  and  open  flowers ;  flowers  regularly  * 

*  Vcrhdl,  des  nafurh.  Vereins/ur  pr.  BhtinL  und  Westfal.  p.  166,  1857. 

2  Ibid.,  pp.  36-47,  1868. 

3  Schomhurgkiay  CaUlepa,  and  Epidendrum  (Criiger,  149) ;  Dendrobium  (Ander- 
son, 5)  ;  Thclymitra  (Darwin,  167). 

*  Ophrys  apifera  (Darwin,  155) ;  Neotinea  intaria  (Darwin,  159) ;  Oymnadenia 
trid4>nt<ita  and  Platanthcra  hyperborea  (Asa  Gray,  274) ;  Epipadis  viridifolia  (H, 
Miiller,  565) ;  Epidendrum  (Fritz  Miiller,  553). 
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or  occasionally  ^  self-fertilised  ;  others  never  self-fertilised,  though 
quite  fertile  to  their  own  pollen  if  it  be  applied  artificially  (565)  ; 
flowers  absolutely  sterile  to  their  own  pollen,  though  fertile  not 
only  to  the  pollen  of  their  own  species  but  even  to  that  of  other 
species  of  their  own  genus  (is8a,  693);  finall}'  species  in  which 
pollinia  and  stigma  of  the  same  individual  act  as  fatal  poisons  to 
one  another.^ 

In  regard  to  the  immense  number  of  seeds  sometimes  produced, 
it  may  suffice  to  record  an  observation  of  my  brother's,  who 
estimated  over  1,750,000  seeds  in  a  single  capsule  of  a  Maxillaria 

059). 

Dissemination  by  wind  is  favoured  by  the  lightness  of  the  seeds 

and  by  the  peculiar  dehiscence  of  the  capsule,  which   opens  by 

three  longitudinal  slits,  the  parts  remaining  connected  above  or 

below. 

The  subject  of  the  cross-  and  self-fertiUsation  of  Orchids  has 

been  so  fully  treated  in  Darwin's  classical  book  and  elsewhere  that 

I  may  confine  myself  to  notes  on  those  of  our  native  species  whose 

visitors  have  been  actuallv  observed,  and  to  some  recent  additions 

to  our  knowledge. 

Tribes  Ej/idendrecB  ^  and  Vandece. 

Angrceeum  scsquipedalCy  Pet.  Th. — This  plant  is  a  native  of 
Madagascar.  The  spur  is  longer  than  that  of  any  other  Orchid, 
perhaps  than  that  of  any  other  plant,  and  according  to  Darwin 
(15  5  A,  p.  198)  an  insect  must  have  a  tongue  10  or  11  inches  long 
to  reach  the  honey.  Mr.  W.  A.  Forbes  has  given  evidence  of  the 
existence  of  such  an  insect  (256).  My  brother  caught  a  hawkmoth 
{Macrosilia  Cluciitius)  in  Brazil  which  actually  had  a  proboscis  10 
or  11  inches  long.     I  have  figured  this  proboscis  in  No.  571. 

In  Notylia,  some  species  of  Oncidium,  and  others,  honey  is 
secreted  by  the  outer  surface  of  the  ovary  and  by  the  bracts.  In  a 
Cattkya  it  is  secreted  for  a  long  period  by  the  young  fruit ;  this 
honey  is  diligently  sought  by  ants,  but  of  course  has  no  relation 
to  the  process  of  fertilisation  (Fritz  Muller). 

Gonuza. — My  brother  observed  this  orchid  fertilised  by  a  bee, 
and  saw  the  fertilised  flower  produce  its  capsule. 

Fulystachi/a, — In  a  small  Brazilian  species  of  this  genus,  the 

^  Neottia  nidiiA-avh  frequently,  Listara  ovata  exceptionally  (Darwin.  159). 

'  Species  of  Oncidium,  NtAylia^  Goinrza,  Stigmatostalix,  and  Burlin(ftonia  (Fritz 
Muller,  550 ;  Darwin,  158^,  11.  chap,  xvii.) 

'  See  also  No.  34  {Liparis  Bowkeri)^  and  No.  609,  p.  77,  fig.  21  (Corallarhiza 
innata. 
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labellum   becomes  full  of  loose  cells,  like  flour,  which  probably 
attract  insect- visitors  (Fritz  Miiller). 

Epideiidimvi. — In  South  Brazil  there  are  several  plain  green 
species  of  this  genus,  quite  without  perceptible  perfume,  which 
secrete  abundant  honey,  and  must  be  fertilised  by  insects.  This  is 
an  illustration  of  how  flowers  need  not  make  themselves  perceptible 
at  a  distance  to  their  visitors  by  means  which  afiect  our  senses. 

An  observation  of  my  brother's  in  the  island  of  St.  Catharina 
in  South  Brazil  shows  how  a  plant  may  propagate  itself  by  self- 
fertilisation  when  deprived  of  the  insects  for  which  its  flowers  were 
adapted.  On  this  island  an  Epidendrum  occurs,  whose  flower  con- 
tains three  perfect  anthers ;  the  two  lateral  anthers  effect  self- 
fertilisation  regularly,  while  the  pollen  of  the  third  can  only  be 
removed  by  insects,  an  event  which  seems  to  be  exceedingly  rare. 
The  flower  is  almost  scentless.  At  Itajahy  an  Epidendrum  occurs 
which  resembles  the  triandrous  Epidendrum  of  St.  Catharina  almost 
exactly,  save  that  it  is  monandrous  and  has  a  strong,  aromatic 
scent.  The  triandrous  variety  can  only  be  looked  upon  as  descended 
from  specimens  of  the  monandrous  form  which  got  transpoiled  to 
St.  Catharina.  There  the  insects  adapted  for  the  flower  must  have 
been  absent  or  very  scarce,  so  that  the  power  to  reproduce  by  self- 
fertilisation  became  desirable.  Accordingly,  whenever  the  two 
lateral  stamens  appeared  as  an  abnormality  (as  often  happens 
in  other  Orchids)  they  had  the  greatest  possible  chance  of  being 
perpetuated  by  Natural  Selection ;  the  perfume  of  the  flowers,  on 
the  other  hand,  being  useless  and  therefore  removed  from  the 
influence  of  Natural  Selection,  was  lost  (533). 

Tribe  Neottiece, 

Spiranihes  autumnalis,  Rich.,  has  been  observed  by  Darwin  to 
be  fertilised  by  humble-bees  (15  5  A,  p.  127). 

.S80.  LiSTERA  OVATA,  R.  Br. — Sprengcl  has  described  the 
iVrtilisation  of  this  flower  as  he  observed  it  in  his  garden,  but  he 
was  not  acquainted  with  the  insect-visitors.  Darvvin  has  given  an 
admirable  description  of  the  flower,  and  mentions  two  Hymenoptera 
(Ilamitiks  and  CrypUis)  which  he  saw  attaching  the  polliniato  their 
foreheads ;  as  he  caught  the  insects,  he  did  not  witness  the  placing 
of  the  pollinia  on  the  stigma.  My  own  observations  may  help  to 
confirm  and  complete  the  accounts  given  by  Sprengel  and  Darwin. 

(.)n  a  sunny  afternoon  in  May,  18G7, 1  watched  the  insect-visitors 
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of  this  plant  for  more  than  an  hour.  I  was  able  to  watch  about 
twenty  plants  simultaneously,  and  on  each  three  or  more  insecta 
were  often  busy  sucking  honey  together.  I  concentrated  my  atten- 
tion in  every  case  on  a  single  insect,  and  did  not  catch  it  until  it  had 
accomplished  at  least  one  act  of  fertilisation  ;  most  of  them  I  only 
caught  after  they  had  fertilised  three,  four,  or  more  floweis.  Tlie 
apecimeo  of  Gramviojitem  Iccvis  which  I  have  figured  (4,  Fig.  178) 
was  already  laden  with  pollinia  when  I  first  noticed  it ;  it  visited 
six  flowers  in  my  presence,  cariying  off  the  pollinia  from  four,  and 
applying  pollen  to  the  stigmas  of  the  other  two,  which  had  been 
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previously  visited  and  deprived  of  their  polliniti.  To  judge  from 
the  number  of  hardened  cement-disks  which  this  insc'Ct  carried 
upon  its  head,  it  must  have  fertilised  very  many  flowers  before  I 
began  to  watch  it.  Although  a  great  many  insects  flew  away 
before  I  tried  to  catch  them,  and  others  escaped  me,  I  secured  a 
considerable  number,  all  of  which  I  had  seen  effecting  cross-fertil- 
isation, and  all  of  which  still  bore  pollinia  on  their  heads.  Except 
Grammop/erata'vis^  they  were  all  IchneumonidEe.  They  have  been 
identified  for  me  by  Dr.  Kaltenbach  of  Aachen  as  follows:  (1) 
Ichneumon  unigiUtatus    (one   specimen) ;   (2)    Alyxia    (^one) ;    (3) 
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Cryptus  (eight  specimens  belonging  to  three  species) ;  (4)  PJiagedon 
(two) ;  (5)  Tryphon  (two) ;  (6)  Camjioplcx  (one) ;  (7)  Microgaster 
inifipes,  F.  (three).  I  saw  Boinhis  agrorum,  F.,  licking  the  honey 
in  several  flowers  without  removing  the  poUinia. 

Sprengel  has  correctly  described  how  small  insects  (all  of  the 
above,  except  Bombus)  regularly  alight  on  the  lower  end  of  the 
labellum  (p\  2)  and  slowly  creep  upwards  licking  the  honey  in  the 
groove  (n) ;  when  they  have  finished  and  raise  their  heads,  they 
come  in  contact  without  fail  with  the  slightly  prominent  edge  of 
the  thin  rostellum  (r,  1).  On  the  slightest  touch,  this  exudes 
a  small  white  drop  of  fluid,  which  reaches  the  apex  of  the  poUinia 
{po,  1)  and  hardening  instantly,  cements  them  to  the  object  whose 
touch  caused  the  exudation  ;  and  so  in  every  flower  which  has  not 
previously  been  visited,  the  insect-visitor  receives  a  new  pair  of 
pollinia.  The  insect  flies  away  startled,  and  soon  afterwards  alights 
on  the  labellum  of  another  flower,  usually  on  another  plant.  The 
rostellum,  on  first  being  touched  and  while  it  exudes  its  drop  of 
fluid,  curves  downwards  so  as  partly  to  protect  the  stigma  (2, 
Fig.  178) ;  but  afterwards,  while  the  groove  of  the  labellum  is 
secreting  a  fresh  supply  of  honey,  the  rostellum  gradually  rises, 
leaving  the  way  free  to  the  stigma. 

Thus  to  previous  accounts  of  this  flower  we  may  add  two 
statements :  1,  that  when  an  insect  has  once  attached  pollinia 
to  its  head,  it  must  either  acquire  a  new  pair  of  pollinia  or  apply 
some  pollen  to  the  stigma  in  every  flower  that  it  visits  sub- 
sequently ;  2,  that  not  only  does  cross-fertilisation  always  occur, 
but  that  the  pollen  of  one  plant  is  usually  carried  to  a  flower 
upon  another. 

381.  Neottia  nidus-avis.  Rich. — The  flower  resembles  that 
of  Listcra  ovata  in  regard  to  the  function  of  the  rostellum  and  its 
position  in  relation  to  the  anther  and  stigma.  It  difiers,  however, 
by  concealing  its  honey  from  view  though  leaving  it  easily 
accessible,  by  cementing  its  pollinia  to  the  insect- visitors  in  a  more 
irregular  and  less  effective  way,  and  by  being  frequently  self- 
fertilised  owing  to  the  dry  pollen  falling  bit  by  bit  upon  the 
stigma.  All  such  insect- visitors  as  are  attracted  only  by  exposed 
honey  are  absent,  and  the  dull  yellow  flowers  deter  all  those  which 
are  only  allured  by  bright  colours. 

This  tendency  to  self-fertilisation  seems  to  me  to  be  due  rather 
to  the  mechanism  of  the  flower  being  as  yet  incomplete  than  to 
scarcity  of  insect-visits.     I  have  only  once  watched  this  plant  at 
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the  proper  season,  but  on  that  occasion  I  found  it  visited  by  flies 
in  considerable  abundance,  and  several  of  the  spikes  were  covered 
■with  spiders'  webs.  I  saw  several  specimens  of  Spilogaster  cinerea, 
Wied.,  and  a  small  species  of  Mtiscidm  alight  on  the  labellum  and 
suck  the  honey;  but  I  did  not  see  any  of  them  touch  the  rostellum 
and  remove  the  pollinia.  After  watching  for  a  long  time,  I  saw 
a  larger  yellow  fly  (Sdotnyza  affinis,  Mgn.)  visit  a  flower ;  when 
it  crawled  up  the  labellum  to  its  base,  lickiug  the  honey  on  its 
way,  it  came  in  contact  with  the  rostellum  and  cemented  the 
pollinia  to  the  anterior  part  of  its  thorax.  It  flew  away,  startled  ; 
but  it  was  caught  in  a  spider's  web,  and  my  chance  of  observing 
the  fertilisation  of  Neottia  was  lost. 


— Ditto,  or  libellnm. 

— lAlMlliuii.  ttom*boT«.    Tbcnw] 

r,  bnct;  CO,  calunii.    Other  lett'sn 


Goodyera  repens,  R.  Br. — Mr.  K.  B.  Thomson  saw  this  plant 
fertilised  in  the  north  of  Scotland  by  Bombus  praioram  (Darwin, 
159, 165) ;  I  ha\e  seen  it  on  the  Alps  fertilised  by  B.  maatrueatttt, 
1  («°9). 

The  Alpine  ChamworckU  is  probably  adapted,  like  Listera,  for 
fertilisation  by  Iclintuvionida:  (609). 

Epipadis  latifolia,  Swartz. — Charles  Darwin  observed  this  plant 
to  be  fertilised  by  wasps  {Vcspa  sihestris).  Self-fertilisation  seems 
scarcely  possible. 

Epipaetis  mtcrvphylla,  Ehrh.,  fertilises  itself  regularly;  but 
part  of  the  pollen  can  be  removed  by  insects  by  the  aid  of  the 
sticky  secretion  of  the  rostellum,  as  the  whole  pollinia  are  in 
E.  lati/olut. 

Epipactis  viridifiora,  Rchb.,  lias  quite  lost  its  rostellum.    Small 
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portions  of  pollen  may  be  accidentally  carried  away  by  minute 
insects,  but  the  flower  is  self-fertilised  in  a  still  more  conspicuous 
degree  than  E.  microphylla.  I  have  described  elsewhere  (565) 
the  changes  in  the  relative  position  of  anther  and  stigma  which 
render  self-fertilisation  possible,  and  the  intermediate  stages 
between  the  above-mentioned  species  of  Upipadis. 

Epipactis  palttstris,  Crantz. — Mr.  W.  E.  Darwin  saw  this  species 
visited  and  fertilised  abundantly  in  the  Isle  of  Wight  by  Apis 
mellifica,  9  ;  also  by  flies  {Sarcophaga  carnosa  and  Ccelopa  frigida) 
and  by  Crabro  brevis, 

Epipogon  Gmelini,  Rich. — Paul  Rohrbach^  haa  described  the 
structure  and  fertilisation  of  this  flower  very  admirably  (675). 
He  observed  BamhuJi  Ivcontm,  L.,  visiting  the  flowers. 


Tribe  Ophrydt<x, 

kicrapiiis  longipttala,  Pollin.,  is  visited  by  bees  in  the  west  of 
Liguria  (Delpino,  567). 

Herminium  Motiarchis,  R.  Br. — George  Darwin  observed  the 
flowers  visited  by  twenty-seven  species  of  small  insects,  of  which 
the  largest  were  one-twentieth  of  an  inch  long.  They  consisted 
of  Hymenoptera  (especially  Tctrastichus  diaphanthvs  and 
Fteromalini),  Diptera,  and  Coleoptera  (e.g.  Malthodes  Irevicollis). 
I  have  found  the  flowers  visited  on  the  Alps  by  small  Braconidse 
and  Pteromalidse  (609). 

Platanth^ra. — I  have  elsewhere  (565)  proved  at  very  consider- 
able length  that  the  varieties  distinguished  as  F.  bi/olia  and 
F.  chloranthu  by  German  botanists  are  connected  with  one  another 
by  numerous  intermediate  forms ;  but  that  the  plant  referred  to 
by  Darwin  as  F.  bi/olia  corresponds  to  P.  sokiitialis,  Bonningh., 
and  is  a  well-defined  species.  The  spur  of  P.  solstitialis  is  from 
12  to  21  mm.  long,  that  of  P.  chlorantha  from  23  to  43  mm.;  in 
both  species  the  spur  is  too  narrow  to  admit  a  bee's  proboscis. 
The  honey  is  therefore  accessible  only  to  Lepidoptera,  and  in  the 
extreme  forms  of  P.  chlorantha  only  to  iHphingidm,  The  colour 
of  the  flowers  suggests  that  they  are  adapted  for  nocturnal  and 
crepuscular  insects.  Darwin  caught  a  specimen  of  Hadena  derUina 
to  one  of  whose  eyes  a  sticky  disk  of  F,  chloi*an*ha  was  attached, 
and  a  Flmia  with  one  attached  to  the  margin  of  its  eye.  The 
sticky   disks    stand    much  closer   together  in  P.  solsiiiialis,   and 

'  This  able  and  brilliant  nataralist  died  at  an  early  age. 
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become  attached  to  the  base  of  the  proboscis,  as  Darwin  observed 
in  the   case  of  Agrotis  scgetum  and  Anaitis  plagiata} 

Professor  Asa  Gray  has  published  most  interesting  observations 
on  the  sti-ucture  and  mode  of  fertilisation  of  certain  American 
species  of  Platanthera  (273,  274,  277). 

Himantoglossum  hircinum,  Rich. — Hildebrand  saw  this  species 
visited  by  a  bee  (361). 

Gymnadenia  conopsea,  R.  Br. — The  spur  is  so  narrow  that  the 
honey  is  only  accessible  to  Lepidoptera.  George  Darwin  observed 
the  flower  to  be  visited  by  nocturnal  Lepidoptera  {Phtsia  chrysitis, 
P.  gamma,  Anaitis  plagiata,  Triphasna  pronuhd).  On  the  Alps, 
I  have  seen  this  species  visited  by  twenty-seven  different  species 
of  Lepidoptera,  mostly  butterflies  (609,  fig.  13). 

Ch/mnadenia  odoratissima,  Rich.,  has  a  much  shorter  spur 
(4  or  5  mm.,  against  13  or  14  mm.  in  G.  coiiopsea),  paler  colour, 
and  stronger  and  more  aromatic  perfume.  I  have  only  found  it 
visited  by  three  species  of  nocturnal  Lepidoptera  (609,  fig.  13). 

Nigritella  ang%i8tiJolia.,  Rich. — The  ovary  is  not  twisted,  and  the 
position  of  the  parts  of  the  flower  is,  therefore,  the  reverse  of  that 
in  Gymnadenia.  Its  strong  odour  of  vanilla  attracts  very  numerous 
Lepidoptera  (I  observed  forty-eight  species),  to  the  under  side  of 
whose  proboscis  the  pollinia  get  cemented  (609,  fig.  15). 

Nigi'itella  suaveolens,  Koch.,  seems  to  be  a  hybrid  between  N, 
angustifolia  and  Gymtiadenia  odoratissima ;  but  as  G,  odorafissivia 
cements  its  pollinia  to  the  upper  side  of  the  insect's  proboscis,  and 
N.  angustifolia  to  the  lower,  it  is  diflBcult  to  see  how  this  hybrid 
can  be  produced,  except  from  flowers  of  the  species  which  are  already 
abnormally  inclined.  Such  abnormally  placed  flowers,  are,  however, 
to  be  met  with  now  and  then  in  both  species,  (609,  fig.  16). 

Anucamptis  ^)7/m?7ii^a/i.s,  Rich. — The  flower  agrees  in  most 
points  with  the  species  of  Orchis  to  be  described  immediately,  and 
like  them  secretes  no  free  honey.  The  spur  is  very  narrow,  only 
admitting  the  tongues  of  Lepidoptera,  and  the  mode  of  attachment 
of  the  pollinia  by  means  of  a  saddle-shaped  band  instead  of  two 
round  disks  is  also  specially  fitted  for  the  proboscis  of  Lepidoptera. 
Darwin  observed  twenty-three  different  species  of  butterflies  and 
moths  carrying  pollinia  of  A.  pyramidalis  on  their  tongues. 

Ophrys  muscifera,  Huds. — This  species  seems  to  be  adapted 
for  carrion-loving  Diptera.  The  flies  are  probably  attracted  by 
the  dark  purple  under  lip,  which  bears  a  pale  blue  smooth  spot, 

'  1  have  given  an  account  of  the  flower  of  Platanthera  hifolia.  Rich.,  with  figures, 
in  No.  589  and  No.  609.. 
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and  under  favourable  conditions  is  covered  with  a  number  of 
minute  drops.  A  Sarccphaga  which  I  saw  seated  on  the  under 
lip,  licking  these  drops,  flew  away  on  my  approach.  But  it  had 
its  head  pointing  towards  the  base  of  the  lip,  and  if  I  had  not 
disturbed  it,  it  would  probably  not  have  failed  to  lick  also  the  two 
black  shining  bodies  at  the  base  of  the  lip ;  in  doing  so  it  would 
have  touched  the  rostellum  and  caused  a  poUiniura  to  be  cemented 
to  its  head.  The  two  bodies  at  the  base  of  the  under  lip  look  like 
drops  of  fluid,  though  in  reality  they  are  quite  dry.  They  may 
be  called  pseudo-nectaries,  and  probably  deceive  the  insect- visitors 

(S«9>  590.  !•)• 

382-385.  Orchis  mascula,  O.  morio,  O.  latifolia,  and  O. 
MACULATA. — In  all  these  Orchids  the  three  sepals  and  the  two 
superior  petals  arch  over  the  essential  organs  of  the  flower,  while 
the  inferior  petal  or  labeilum  forms  a  convenient  alighting-place 
for  insect-visitors.  The  labeilum  is  prolonged  backwards  into  a 
hollow  spur,  which  secretes  no  free  honey,  but  whose  walls  are 
composed  of  very  delicate  and  succulent  tissue.  Immediately  above 
the  entrance  to  this  spur  stands  the  trilobed  stigma,  whose  two 
inferior  lobes  form  the  true  stigmatic  surfaces,  while  the  thin! 
superior  lobe  forms  the  rostellum.  This  organ,  the  lursicula  of 
German  authors,  consists  of  a  little  pouch  full  of  viscid  matter, 
which  pmjects  into  the  mouth  of  the  spur.  The  two  lateral 
anthers  are  just  visible  as  useless  rudiments  (staminodes) ;  the 
third,  and  only  perfect  one,  stands  immediately  above  the  rostellum. 
Its  two  loculi  are  separated  by  a  broad  connective,  and  are  split 
anteriorly  for  their  whole  length  by  a  longitudinal  slit.  The  two 
pollinia  lie  within  the  loculi,  quite  unattached  except  at  the  ends 
of  their  caudicles,  which  adhere  to  the  upper  surface  of  the  ros- 
tellum. When  an  insect  thrusts  its  head  into  the  spur,  it  inevit- 
ably comes  in  contact  with  the  rostellum ;  the  membrane  covering 
the  latter  instantly  splits  into  an  inferior  portion,  which  curls 
backwards,  and  two  small  round  disks,  connected  with  the  caudicles 
and  coated  abundantly  with  viscid  matter  on  their  lower  surfaces ; 
these  attach  themselves  to  the  insect's  head.  The  cement  of  the 
sticky  disks  quickiy  hardens,  and  when,  after  a  short  time,  the 
insect  withdraws  its  head,  it  takes  with  it  the  disks  and  the  pollinia 
attached  to  them  by  their  caudicles.  At  first  the  pollinia  stand 
almost  perpendicular  to  the  disks,  but  soon,  as  the  disks  dry,  the 
pollinia  bend  gradually  forwards  through  an  angle  of  nearly  90*, 
and  so  come  into  such  a  position   that  in  subsequently-visited 


636  THE  FERTILISATION  OF  FLOWERS.         [part  hi. 

flowers,  they  are  applied  directly  to  the  stigma.  Each  poUinium 
consists  of  a  great  number  of  packets  of  coherent  pollen-grains ; 
the  packets  are  bound  together  by  delicate  elastic  filaments  to 
form  an  oval  pollen-mass.  When  this  is  pressed  against  the  very 
adhesive  stigma  and  again  withdrawn,  all  the  packets  that  have 
come  in  immediate  contact  with  the  stigmatic  surface  remain  ad- 
hering to  it,  for  the  elastic  filaments  break  before  the  attachment 
of  the  packets  to  the  stigma  gives  way.  By  this  means,  an  insect 
flying  from  flower  to  flower  effects  cross-fertilisation  regularly. 

This  view  of  the  flower  of  Orchis  was  propounded  by  Darwin 
before  he  or  any  one  else  had  succeeded  in  observing  insects  en- 
gaged in  the  work.  Every  detail  in  the  structure  of  the  flower 
seemed  to  be  satisfactorily  explained,  but  the  absence  of  honey  in 
the  spur  remained  without  explanation.  Sprengel,  who  supposed 
that  the*pollinia  were  applied  by  insects  to  the  stigma  of  the  same 
flower  (702,  p.  401),  suggested  that  the  insect-visitor  came  in 
search  of  honey,  and  on  finding  none,  passed  on  to  some  other 
kind  of  flower.  But  it  was  essential  for  Darwin's  theory  that 
each  insect-visitor  should  visit  a  number  of  the  flowers  in  succes- 
sion ;  and  Darwin  suggested  that  possibly  the  insects  pierced  the 
delicate  tissue  of  the  spur  and  sucked  the  included  fluid.  My  own 
direct  observations  have  confirmed  this  view,  as  well  as  every 
detail  of  the  rest  of  Darwin's  account.  The  following  description 
of  the  action  of  insects  on  Orchis  was  published  many  years  ago 

(565) :- 

On  May  6,  1869, 1  and  my  son  Hermann  at  length  succeeded  in 

observing   humble-bees   fertilising   the   flowers   of   Orchis    upon 

Stromberg  HUl.     As  we  lay  upon  the  turf,  which  was  overgrown 

with  Orchis  mascula,  we  saw  a  humble-bee  (apparently  Bomlus 

terrestris)  alight,  close  beside  us,  on  the  base  of  a  spike  of  that 

plant.     It  thrust  its  head  into  a  flower,  and  drew  it  out  after  about 

four  seconds  with  the  two  pollinia  attached  to  it.     It  repeated  the 

same  operation  on  two  more  flowers.     After  withdrawing  its  head 

from  the  third,  it  paused,  and  tried  without  success  to  free  itself 

from  the  pollinia,  which  were  cemented  firmly  to  the  front  of  its 

head.     Climbing  a  little  further  up  the  spike  it  thrust  its  head 

into  a  fourth  flower.     At  that  moment  I  tried  to  catch  it  in  my 

net,  but   it  escaped  and  flew   away.     We   next   saw   a  Bomlms 

hortoruin   suck    three    or    four   flowers    on    a    spike    of   Orchis 

mascula  (beginning  at  the  base  of  the  spike),  and  then  proceed 

to  another  spike,  neai*  by.     We  examined  this  latter  spike,  and 

found  several  of  its  stigmas  smeared  with  pollen  and  the  loculi  of 
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the  anthers  empty.  In  the  space  of  two  hours  we  had  three  more 
opportunities  of  watching  the  fertilisation  of  Orchis  mascula ;  the 
fertilising  agent  on  two  of  these  occasions  was  Bomhus  lapidarius, 
on  the  third,  Fsithyru3  campestris.  B.  lapidarius  spent  a  shorter 
time  on  each  flower  (about  two  to  three  seconds),  but  otherwise  the 
various  bees  behaved  precisely  alike.  We  caught  the  Psithyrus 
and  a  B.  lapidarius,  and  found  a  number  of  pollinia  on  the  head  of 
each.  Some  of  the  pollinia  had  already  bent  forwards,  so  that 
they  were  ready  to  come  in  contact  with  the  stigma  of  the  next 
flower ;  others  were  still  erect.  Of  ninety-seven  humble-bees 
which  we  caught  that  day  on  Stromberg  Hill,  thirty- two  bore 
pollen-masses  of  Orchis.  We  frequently  observed  on  our  captured 
bees,  that  when  the  pollen-masses  bent  forwards  the  bee  was  able 
to  tear  them  off  with  its  mandibles.  Some  bees  which  we  caught 
>vith  pollinia  on  their  heads  had  them  attached  to  their  forelegs 
when  examined  shortly  afterwards.  These  frequently  successful 
efforts  on  the  part  of  the  bees  to  free  themselves  from  the  pol- 
linia explain  why  we  often  find  whole  pollinia  or  pairs  of  pollinia 
attached  to  the  flowers,  generally  in  the  neighbourhood  of  the 
stigma. 

On  this  one  day,  which  was  especially  favourable,  as  it  waa  warm 
and  calm,  and  came  after  a  long  spell  of  cold  weather,  probably 
more  than  a  third  of  all  the  humble-bees  on  Stromberg  Hill  had 
been  engaged  in  fertilising  Orchids.  The  following  numbers  give 
a  rough  idea  of  the  scale  on  which  the  work  was  performed.  At 
seven  o'clock  on  the  morning  of  the  same  day  I  gathered  ten 
specimens  of  Orchis  morio  on  a  meadow  covered  with  the  plant. 
These  ten  spikes  contained  107  expanded  flowers ;  of  these,  one  only 
had  its  anther-loculi  empty  and  its  stigma  smeared  with  pollen ; 
two  had  their  stigmas  smeared  with  pollen,  but  their  pollinia  had 
not  been  removed.  At  five  o'clock  in  the  afternoon  I  gathered  in 
the  same  place  ten  spikes  containing  ninety-seven  flowers ;  fourteen 
had  their  stigmas  smeared  with  pollen,  and  of  these  two  only  had 
their  pollinia  still  within  the  anther-loculi ;  three  other  flowers 
had  their  pollinia  removed,  but  their  stigmas  showed  no  trace 
of  pollen.  Thus  at  seven  o'clock  in  the  morning  2*5  per  cent., 
and  at  five  o'clock  in  the  afternoon  over  14  per  cent,  of  the  flowers 
had  been  fertilised. 

I  need  hardly  add  that  this  observation  fully  confirmed  Darwin's 
suggestion.  The  bees  must  have  found  something  within  the 
spurs,  or  they  would  not  have  continued  to  visit  the  flowers.  Since 
the  spur  contains  no  free  honey,  but  abundant  fluid  within  its 
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wall,  it  is  certain  that  the  bees  pitrcedtLe  delicate  inner  membrane 
and  sQcke<i  the  included  fluid.  They  doubtless  pieTx>ed  the  tissue 
quickly  and  easily  with  the  points  of  their  maxiUsp. 

Mv  direct  observations  have  shown  that  the  three  or  four 
aeccHids  spent  by  the  bee  on  each  flower  is  enough  to  permit 
the  cement  to  harden  and  attach  the  poUinia  firmly  to  the  bee's 
head :  and  by  thrusting  a  pencil  into  the  spur  of  0.  ma^ruh  we  can 
s«e  that  two  to  three  seconds  is  enough  to  fasten  the  pc'Uinia 
firmly.  The  bee  alwavs  thrusts  its  pixtbctscis  once  only  into  each 
flower,  and  accordingly  each  flower  receives  pollen  bom  another. 
In  O,  mtK^TN/rr,  the  bending  fcowards  of  the  pHi^Uinium  occupies 
about  fc«ty  seconds :  it  is  rarely  completed  in  twenty-five  seeondsL 
A  bee  which  visits  three  or  four  flowers  on  a  spike,  spends  three 
to  four  s^KMnds  upon  each,  and  about  two  secc^nds  in  passing  £r>:»m 
firom  one  flower  to  another  ;  so  that  at  most  it  spends  ahctut  twenty 
to  twenty-two  seconds  on  each  spike.  It  has  therefc^e  passed  to 
another  spike  before  any  of  the  pollinia  belonging  to  the  first  have 
finished  bending  downwards.  It  seems  thereforv^  that  rK*t  onlv 
is  cross-fertilisation  of  j^parate  flower>  ensure*!,  but  t-ven  of 
separate  plants^ 

I  repeated!  these  observati^^ns  many  times  subeequently.  I 
was  wrong  at  first  in  su}ipL>sing  tha;  tlie  l*re  or-iV  pierced  the 
tissue  of  the  spur  once,  ai-d  I  neglected  to  Kv  k  f  r  the  pjuncruies 
that  the  bee  made.  On  June  l^th,  1S70.  a  bivt-bee  &^w  Wfc-ie 
mv  eves  ini.>  a  flower  of  i\  r'»?'>V-.-u? :  it  rierced  the  iiJ>rT  walU  of 
the  spur  f9rryr\u  rt'n/.*  with  the  fK'ints  of  its  maxiline.  aihi  tben  flew 
away,  bearing  the  two  |K-!Iinia  on  its  head.  ^>  a  3:w.:r  <i  ZtcRrJiw 
^rfop-TKCwJt.  I  gi^hered  the  flvw^r  immedia'e:y  aner  tfee  bee  lef* 
it,  and  fouihl  the  punctures  visiWe  frv'm  ^he  c-i*s>ie  as  smiji. 
bright.  e!v»Eig::ite*.{  specks^  EVirwin  observed  jE'-'-cw  r^rwir.  pieiviftg 
the  inner  w;ill  •>!:'  :Le  swir  K-i  O.  W':?'-"fr**^^?.  ai>d  al5»>  s'.jaiiii  tispe 
poncmres  that  ::  cati-r.  The  <juesti-?n  as  t-.-  wLah  ioseccs  «eek 
in  the  dv^ers  is  ix-w  finallv  settled,  ac-i  rW:i>£iir:'s  d-c'itcs  ^f  r. 
p.  1**  c»:'!i*.vrELtEii:  '^he  acvriracy  of  Darwin's  vj-m^  ajre  sfepc-wa  v-  Iw^ 
unfs.'Citie'i. 
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383.  Orchis  morio,  L.  : — 

Visitors  :  Hymenoptera — Apida :  (1)  Apis  mellifica,  L.  5  i  (2)  Bombua 
muscorum,  L.  ;  (3)  B.  lapidarius,  L.  ;  (4)  B.  confusus,  Schenck ;  (5)  B.  pra- 
torum,  L. ;  (6)  B.  hortorum,  L.  ;  (7)  B.  silvarum,  L.  ;  (8)  Eucera  longicomis, 
L.  ;  (9)  Osmia  rufa,  L.  Nos.  1,  2,  8  from  Darwin  ;  Nos.  1,  3—7,  9  observed 
by  me. 

384.  Orchis  latifolia,  L.  : — 

Visitors  :  Hymenoptera — Apidie :  (1)  Apis  mellifica,  L.  9 ;  (2)  Bombns 
senilis,  Sm.  ;  (3)  B.  fragrans,  Pall.  (K.) ;  (4)  B.  confusus,  Schenck ;  (5)  B. 
hortorum,  L.  ;  (6)  B.  lapidarius,  L.  ;  (7)  B.  terrestris,  L. ;  (8)  B.  muscorum, 
L.  ;  (9)  Eucera  longicomis,  L.  (J;  (10)  Halictus  leucozonius,  K.  ?  ;  (11)  No- 
mada  sexfasciata,  Pz.  ?  ;  (12)  Osmia  fusca,  Chr.  (=■  bicolor,  Schr.)  ? ,  aU 
from  my  own  observations.  According  to  Darwin,  0.  latifolia  is  also  visited 
by  Diptera.     I  have  found  it  visited  by  humble-bees  on  the  Alps  (609). 

385.  O.  MACULATA,  L.,  seems  to  be  visited  chiefly  by  Diptera. 

Visitors  :  A.  Hymenoptera — Apidcp :  (1)  Bombus  pratomm,  L.  5  (once). 
B.  Diptera— (rt)  Emptdof :  (2)  Empis  livida,  L.  ;  (3)  E.  pennipes,  both 
obtTved  by  George  Darwin,  the  former  abundantly,  the  latter  more  rarely  ; — 
in  thrusting  their  tongues  into  the  tiower  they  cemented  the  pollinia  to  their 
eyes,  {h)  Syrphidoi :  (4)  Volucella  bombylana,  L.,  very  ab.  ;  (5)  Eristalis 
horticola,  Mgn.  (Sid.)  freq.  ;  both  got  the  pollinia  attached  to  the  fore-part  of 
their  heads.     Nos.  1,  4,  5  were  observed  by  me. 

Orchis  maculafa  is  visited  by  Ccramhycidcc  (Darwin,  165), 
and  also  by  humble-bees  (509). 

Orchis  ustulata,  L.  and  0.  globosa,  L.  are  adapted  for  Lepidoptera 
by  the  very  narrow  entrances  to  their  spurs ;  the  latter  species  I 
found  to  be  visited  abundantly  and  exclusively  by  Lepidoptera 
upon  the  Alps  (609). 

Orchis  tridentata,  Scop,  is  visited  by  humble-bees  (S90,  l). 

Tribe  Cyiripedince, 

386.  Cypripedium  Calceolus,  L. — Tlie  observations  of  Darwin 
(153  A.),  Asa  Gray  (276),  and  Dclpino  (172,  178,  567),  all  refer  to 
other  and  in  some  cases  very  different  species  of  this  genus.  My 
own  observations  on  C.  Calceohis  were  published  many  years  ago 
1(565,  566),  and  have  been  repeatedly  verified  and  extended  since. 

I  have  observed  five  species  of  Andrena  fertilising  the  flower ; 
viz.  A,  nirjiroce7iea ,  K.  9,-4.  fulvicims,  K.  ? ,  -4.  albicans,  K.  5 , 
A.  atriccps,  K.  9  (=  A.  tibialis,  K.),  and  A.  pratensis,  NyL  5. 
These  bees,  attracted  by  the  colour  and  perfume  of  the  flower,  fly 
into  the  slipper-shaped  lip  and  lick  and  bite  the  hairs  lining  its 
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floor,  which  are  sometimes  covered  with  small  drops  of  hooey. 
They  try  for  some  time  to  escape  by  climbing  up  the  vaulted  sides 
of  their  prison  towards  the  orifice  that  they  entered  by ;  at  last 
after  creeping  beneath  the  stigma  (tt,  2,  Fig.  180),  they  manage 
with  a  great  effort  to  escape  by  one  of  two  small  lateral  openings 
(ex,  2)  at  the  base  of  the  lip ;  in  doing  so  they  smear  one  shoulder 
with  a  sticky  pollen  from  the  anther  immediately  above.     In  the 


Caltiotui.  L. 
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next  flower,  the  hoe,  as  it  creeps  under  the  stigma,  leaves  some  pollen 
on  its  papilliB,  which  are  long  and  point  obliquely  forwards ;  then, 
squeezing  itself  again  through  one  of  the  small  orifices,  it  acquires 
another  Ioa<l  of  pollen :  cross-fertilisation  is  thus  effected  regularly. 
The  third  anther  (a')  is  metamorphosed  into  a  broad,  purple-spotted 
lobe,  which  stands  in  the  posterior  half  of  the  cavity  of  the  lip  and 
leaves  only  the  small  lateral  orifices  described  above.  The  hairs, 
which  are  arranged  in  a  broad  band  on  the  floor  of  the  labellum, 
seem  to  help  the  Andrmce  to  climb  up  towards  the  orifices,  besides 


PART  III.]  THE  MECHANISMS  OF  FLOWERS.  541 

attaching  them  by  their  secretion.  Smaller  bees  and  flies  wliich 
are  too  large  to  pass  freely  through  the  orifice  and  too  weak  to 
force  their  sides  apart,  must  as  a  rule  perish  of  hunger  within  the 
labellum.  I  have  repeatedly  found  Andrena  parvula,  K.  9 ,  dead 
within  the  labellum,  and  also  the  following  flies  :  Umpis  punctata, 
F.,  a  Cheilosia  (Syrphida)),  an  Anthoinyia  (Muscidai},  and  considerable 
numbers  of  Spilogaster  semicinera,  Wied.  {Micsdd^).  Small 
beetles  (Meligethes)  are  often  able  to  creep  freely  out  of  the 
labellum,  but  sometimes  they  are  held  fast  by  the  sticky  pollen  and 
remain  to  perish. 

Cypripedium  barhatum  is  believed  by  Delpino  to  be  fertilised  by 
flies.  Delpino  found  flies  within  the  labellum  of  some  cultivated 
plants,  which  afterwards  set  seed  (178,  567). 

Cypripedium  caudatum  is  believed  by  Delpino  to  be  fertilised  by 
snails  (178). 

THE  ADAPTIVE  MODIFICATIONS    OF  ALPINE   ORCHIDS    COMPARED 

WITH   THOSE   OF   THE   LOWLANDS. 

A  review  of  the  Orchids  that  I  have  observed  upon  the  Alps 
shows  that,  above  the  limit  of  trees,  almost  the  only  species  which 
occur  are  those  adapted  for  Lepidoptera,  while  in  the  lower  regions 
forms  adapted  for  all  kinds  of  visitors  occur.  The  following 
species  occur  in  greater  abundance  above  the  level  of  trees,  or  are 
restricted  entirely  to  that  region :  (1)  Orchis  \tstulata,  (2)  O.globosa, 
(3)  Gymnadenia  conopsea,  (4)  G.  odoratissima,  (5)  O,  albida,  (6) 
Peristyhts  viridis,  (7)  Nigritella  angusiifolia  (N,  suaveolens,  as  being 
probably  a  hybrid,  cannot  be  included),  (8)  Platanthera  solstitialis, 
(9)  Chamaxyrchis  dlpina.  Of  these,  six  (1,  2,  3,  4,  7,  8)  are  un- 
doubtedly, and  two  (5,  6)  (from  the  narrow  entrance  to  the  spur) 
in  all  probability,  are  fertilised  by  Lepidoptera.  While  we  thus 
find  that  of  the  loftier  Alpine  Orchids  at  least  two-thirds,  but 
probably  eight-ninths,  are  adapted  for  Lepidoptera,  in  Westphalia 
we  find  that,  of  thirty-five  species,^  at  most  six  *  are  adapted  for 
Lepidoptera,  and  most  of  these  are  very  sparingly  visited  by 
them  (609). 

^  Orchis  pyramitlalis,  0.  raorio,  0.  mascula,  0.  laxiHora,  O.  coriphoro,  O.  inilitaris, 
O.  tridentata,  O.  sambucina,  O.  latifolia,  O.  maculata,  Gymnadenia  conopsea,  G. 
albida,  Platanthera  bifolia  (solstitialis),  P.  chlorantha,  Peristylus  viridis,  Herrainiuni 
Monorchis,  Ophrys  muscifera,  0.  apifera,  0.  aranifera,  Epipogon  Gmelini,  Cephal- 
anthera  pallens,  C.  ensifolia,  C.  rubra,  Epipactis  latifolia,  E.  microphylla,  E.  viridi- 
flora,  E.  atrorubens,  E.  palustris,  Listera  ovata,  Goodycra  repens,  Spiranthcs  autam- 
nalis,  Malaxis  paludosa,  Liparis  Ix>eselii,  Cypripedium  C'alceolus. 

^  Orcliis  pyramidalis,  Gymnadenia  conopsea,  G.  albida,  Platanthera  bifolia  (solsti- 
tialis), P.  chlorantha,  Peristylus  viridis. 
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Ord.  SCITAMIXE.E, 
Tribe  ZingibereoB, 

Hedychium,  and  Alpinia  axe  adapted  for  cross-fertilisation  by 
insects.  The  visitors  must  come  in  contact  first  with  the  stigma 
and  afterwards  with  the  anthers  (172,  352).  Delpino  conjectured 
that  Hedychium  must  be  fertilised  by  Lepidoptera,  and  long  after- 
wards found  scales  of  Lepidoptera  on  the  stigma  of  the  plant 
(177).  Fritz  Muller  has  shown  that  the  flowers  of  Hedychium 
are  arranged  so  that  the  pollen  may  be  transported  by  the  wings 
of  long-tongued  butterflies. 

Zingiber  officinarum. — Cross-fertilisation  is  ensured  in  case  of 
insect-visits  by  the  prominent  position  of  the  stigma  (351). 

The  cultivated  plant  in  South  Brazil  is  only  reproduced  by 
vegetative  means,  and  is  quite  barren,  though  pollen,  stigma,  and 
ovule  seem  to  reach  normal  development.  This  sterility  is 
perhaps  due  to  the  plants  being  all  portions  of  one  original 
stock  (359). 

Tribe  JIarantea;, 

CalatJiea  {Maranta)  zcbritia,  Meyer,  and  C.  discolor,  Lindl., 
have,  according  to  Hildebrand,  an  explosive  arrangement,  com- 
parable to  that  of  several  Papilionaceae.  A  hood-shaped  petal,  on 
the  under  side  of  the  almost  horizontal  flower,  surrounds  the  style, 
which  carries  at  its  extremity  the  funnel-shaped  stigma,  and  above 
the  stigma  the  pollen  which  is  shed  upon  it  in  the  bud.  The 
weight  of  an  insect- visitor  alighting  on  the  petal  itself  or  on  a 
hooked  process  of  it,  sets  the  style  free.  The  style  then  curves 
backwards  and  inwards,  so  that  the  ventral  surface  of  the  insect 
is  first  swept  by  the  stigma  and  then  dusted  with  fresh  pollen. 
The  style  in  curving  backwards  closes  the  path  to  the  honey, 
so  that  each  flower  is  only  visited  once  (360,  p.  617).  Delpino 
investigated  Maranta  bicolor  and  if.  canrurfolia,  and  found  their 
flower  almost  identical  in  structure  with  the  species  described  by 
Hildebrand.  He,  however,  found  that  part  of  the  style  between 
the  stigma  and  the  pollen  secretes  a  sticky  fluid,  which  is  applied 
to  the  insect's  proboscis  and  causes  the  pollen  to  adhere. 

Thalia  dealbata,  Fras.,  has  similar  flowers,  which  are  visited 
and  fertilised  abundantly  at  Florence  by  the  hive-bee. 

Delpino  has  tried,  by  comparing  the  flowers  of  Maraniacew 
with  those  of  Musacecn,  Zingiheracco',  Cannacecc,  Orchidccc  and 
Gramhiea't  to  trace  out  the  genetic  relations  of  these  orders  (175). 
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Maranta  arundiTiacea,  L.,  is  sterile  in  South  Brazil,  where  it  is 
only  propagated  asexually.  The  flowers  hava  ceased  to  produce 
pollen,  but  retain  the  elastic  style  (359). 

Tribe  Canneas, 

Canna. — At  an  early  period  the  anthers  shed  all  their  pollen 
upon  the  expanded  style,  from  which  it  is  removed  by  insects  and 
conveyed  to  other  flowers  (Delpino,  172).  According  to  Hilde- 
brand,  spontaneous  self-fertilisation  very  often  takes  place,  and 
leads  to  the  production  of  good  fruit  (351,  352). 

Tribe  Musece, 

StrelUzia  regin^e^  Ait. — The  two  inner  and  inferior  perianth- 
segments,  which  inclose  the  five  anthers,  separate  when  a  visitor 
presses  upon  them  in  trying  to  enter  the  flower ;  the  anthers  then 
emerge  and  come  in  contact  with  the  under  surface  of  the  visitor. 
The  stigma  is  exserted,  and  is  accordingly  always  touched  before 
the  anthers.  Delpino  supposed,  and  Darwin  showed  by  direct 
observation,  tliat  the  fertilisers  are  honey-sucking  birds  (356,  p. 
508  ;  360,  p.  673  ;  178,  p.  232 ;  567,  p.  4).  At  the  Cape  of  Good 
Hope,  it  is  fertilised  by  Nectarinidse  (164,  p.  371). 

Musa, — The  Bananas  which  are  cultivated  in  South  Brazil  and 
propagated  only  by  asexual  means,  are  barren ;  their  anthers 
produce  very  little  pollen  and  wither  without  dehiscing  (359, 
p.  275).  The  flowers  of  M^tcsa  attract  insects  by  an  abundant 
secretion  of  sweetish  jelly.  Trigana  mfirrus,  Latr.,  is  attracted  in 
swarms  (590,  I.  p.  14). 

Obd.  IRIDEJi, 

387.  Iris  Pseud-acorus,  L. — The  honey  is  secreted  by  the 
lower  portion  of  the  perianth  {d  d'  1,  Fig.  181),  and  is  collected  in 
the  space  (h)  between  it  and  the  pistil  (a).  Access  to  it  is  only 
possible  at  three  points,  between  the  lower  portion  of  each  outer 
lobe  of  the  perianth  and  that  of  the  petaloid  style  above  it.  The 
filament,  adhering  as  a  longitudinal  ridge  to  this  portion  of  each 
perianth-segment,  divides  the  passage  to  the  honey  into  two  separate 
openings  (h  h) ;  thus  altogether  six  somewhat  narrow  passages,  two 
at  the  base  of  each  stigmatic  lobe,  bounded  laterally  by  the  pro- 
jections from  the  outer  perianth-segments,  form  the  only  approaches 
to  the  honey.     An  insect  must  have  a  proboscis  at  least  7  mm. 
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in  length  to  be  able  to  reach  the  honey  tlirough  these  pass^es, 
and  one  of  at  least  double  that  length  to  drain  one  of  these  spaces 
of  its  honey.  Each  foliar  division  of  the  style  bears  on  its  uoder 
surface  near  its  apex  a  scale-like  process,  whose  upper  surface  is 
the  true  stigma.  Hence  insects  touch  the  stigma  with  their  backs 
only  when  creeping  in  under  the  petaloid  style ;  for  as  they  creep 
out  again  they  push  the  papillar  surface  upwards.  Close  under 
the  petaloid  styles  lie  the  three  anthers,  whose  pollen-covered 
surfaces  are  directed  downwards.  Self-fertilisation  is  thus  rendered 
impossible. 
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Sprengel,'  has  given  a  very  full  account,  with  figures,  of  the 
flowers  of  Iris  Pseudacorus  and  /.  Xiphium.  His  observations  of 
insect- visitors  were,  however,  not  nearly  sufficient,  and  liis 
conception  of  the  mode  of  fertilisation  must  he  modified. 

In  Sprengel's  opinion,  both  species  of  Iris  are  fertilised  exclusively 
by  humble-beea.  A  bee  alights  on  one  of  the  large  outer  segnaents  of 
the  perianth,  toward  the  base  of  which  it  pushes  its  way  under  the 
over-hanging  petaloid  style,  until  it  reaches  the  entrances  to  the  two 
nectaries.  After  it  has  sucked  the  honey  it  crawls  backwards  to  its 
starting-point,  and  then  flies  to  the  second  outer  perianth -segment, 
where  it  performs  the  same  operation ;  thence  to  the  third,  thence  to 
another  flower,  and  so  on.  On  entering  the  flower,  the  back  of 
the  bee  rubs  the  upper  surface  of  the  scale  projecting  from  the 

'  Hyrc«<itl,  No,  ;oi,  pp.  69-78,  I'luU-  II. 
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petaloid  style,  which  is  the  functional  stigma ;  a  little  further  on 
it  rubs  against  the  pollen-covered  surface  of  the  anther,  which  lies 
close  to  the  petaloid  style.     In  this  way,  Sprengel  declared  that 
two  stigmas  in  each  flower  were  regularly  fertilised  by  means  of 
pollen  from  the  previously-visited  anthers  of  the  same  flower,  and 
that   the   stigma   first   visited   in  each  flower  was  always  cross- 
fertilised  by  means  of  pollen  from  the  preceding  flower :  thus  self- 
fertilisation  took  place  twice  as  frequently  as  cross-fertilisation. 
Though  Sprengel  was  not  aware  of  the  advantage  of  cross-fertilisa- 
tion, he  was  repeatedly  led  by  his  observations  to  the  conclusion 
"that  nature    is   unwilling   that   any   hermaphrodite   flower   be 
fertilised  by  means  of  its  own  pollen."     In  order  to  adhere  to  this 
theory  in  the  case  of  Iris,  which  he  abandoned  again  and  again  in  • 
other  cases,  Sprengel  chose  to  look  upon  each  third  of  the  flower 
in    Iris   as   a    separate    hermaphrodite    flower,   which   thus   was 
regularly  cross-fertilised. 

My  frequent  observations  of  insect-visits  differ  materially  from 
Sprengel's  view  of  the  case.  It  is  true  that  humble-bees  visit 
the  flower  of  Iris  pseudaconis,  but  they,  as  a  rule,  act  in  a  way 
very  different  from  that  which  Sprengel  described;  and  a  very 
much  more  frequent  visitor  is,  in  my  experience,  the  long  tongued 
hover-fly,  Rhing^ia  rostrata. 

In  many  flowers  of  Iris  psendaconcs  the  petaloid  styles  stand 
6  to  10  mm.  above  the  corresponding  outer  perianth-segments.  In 
others  each  petaloid  style  lies  so  close  to  the  perianth-segments 
that  only  a  very  small  passage  is  left,  which,  owing  to  the  con- 
vexity of  the  style,  lies  immediately  below  the  stigma.  These  two 
forms  of  flowers  have  adapted  themselves  to  different  fertilising 
agents. 

In  flowers  of  the  first  variety  the  fly  {Rhingia)  crawls  along 
the  outer  perianth-segment  to  the  nectaries  without  touching 
either  stigma  or  anther;  it  inserts  its  proboscis  (11  mm.  long) 
into  one  nectary  after  the  other,  and  then  moves  a  few  steps 
backwards  to  feed  on  the  pollen.  When  under  the  anther  it 
raises  its  head,  stretches  out  its  tongue,  and  so  reaches  the  pollen. 
Then  it  flies  to  another  perianth-segment  of  the  same  flower,  or  to 
another  flower.  Its  visits  to  this  variety  are  thus  not  only  useless 
but  hurtful,  leading  to  waste  of  pollen. 

In  flowers  of  the  other  form  this  fly  creeps  through  the  small 
passage  beneath  the  true  stigma,  and  touches  with  its  back  first  the 
stigma  and  then  the  anther  before  reaching  the  nectaries.  After 
sucking,  it  creeps  backwards  without  staying  to  eat  pollen,  until  it 
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has  passed  from  beneath  the  petaloid  style,  when  it  flies  away  to 
another  flower  or  another  perianth-segment  of  the  same.  If  the  fly 
be  caught  as  it  is  creeping  backwards  from  the  nectary,  many  pollen - 
grains  may  always  be  found  among  the  hairs  on  its  back ;  some  of 
these  are  without  fail  applied  to  the  stigmatic  surface  next  visited. 
Thus  the  flowers  in  which  the  petaloid-styles  stand  close  to  the  peri- 
anth-segments are  better  adapted  for  fertilisation  hy  Rhingia  in  two 
respects  than  the  flowers  of  the  other  form :  (1)  the  fly  is  compelled 
to  carry  pollen  to  the  stigmatic  surface,  often  to  that  of  another 
flower,  and  (2)  it  is  hindered  from  eating  pollen;  whereas,  in 
the  flowers  of  the  other  form,  Bhingia  passes  in  and  out  without 
accomplishing  fertilisation,  and  moreover  uses  up  pollen  as  well 
as  honey. 

In  relation  to  bees*  visits  the  conditions  are  exactly  reversed. 
When  the  petaloid  style  lies  close  upon  the  outer  perianth- 
segment,  the  opening,  which  is  sufficient  for  Bhingia,  is  mucli 
too  small  to  admit  a  humble-bee.  On  May  25th,  1868, 1  watched 
a  large  parasitic  humble-bee  (Psithyrus  vestalis,  Fourc.  ?,  25  mm. 
long,  and  10  mm.  broad)  creeping  in  various  directions  over  the 
flowers ;  finally,  placing  its  head  above  the  base  of  the  free  part  of 
an  outer  perianth-segment,  it  inserted  its  tongue  sideways  into  one 
of  the  nectaries,  and  so  reached  the  honey  without  touching  either 
the  stigma  or  anther. 

In  flowers  of  the  other  form,  I  have  observed  frequently  in  the 
case  of  Bomhus  agrorum,  B,  Jwrtorum,  and  B.  Bajellus,  that  humble- 
bees  alight  on  one  of  the  outer  perianth-segments,  and  creep  under 
the  petaloid  style  to  the  honey-passages,  touching  on  their  way 
both  stigma  and  anther  with  their  backs.  Instead  of  crawlinc 
backwards  along  the  path  they  came  by,  they  climb  sideways  on 
to  one  of  the  other  outer  perianth-segments,  and  then  crawl  up  it 
to  enter  beneath  the  stigma,  as  before.  After  completing  the 
circuit  of  the  flower  and  exhausting  all  its  honey,  the  bee  flies  to 
another,  and  so  efiFects  cross-fertilisation  regularly. 

Occasionally,  but  only  in  those  few  flowers  where  the  position 
of  the  petaloid  styles  was  intermediate  between  the  forms  that  I 
have  described  as  typical,  I  have  seen  humble-bees  creeping  back- 
wards from  under  cover  of  the  style,  as  Sprengel  describes  them. 

The  flowers  of  Iris  pscxidaconis  thus  present  the  interesting 
peculiarity  that  although  originally,  as  their  dimensions  show,  they 
were  adapted  simply  for  bees,  they  have  since  to  a  great  extent 
become  adapted  for  fertilisation  by  flies  {Bhingia),  Each  of  the 
two  extreme  forms  has  its  own  advantages   and   disadvantages. 
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Those  flowers  fitted  for  fertilisation  by  bees  are  at  an  advantage 
in  that  the  baes  always  cause  cross-fertilisation  of.  separate  plants ; 
but  at  a  disadvantage  from  having  their  pollen  exposed  to  robbery 
by  Rhingia.  The  flowers  adapted  for  fertilisation  by  Rhingia  have 
the  disadvantage  that  self-fertilisation  is  as  frequently  or  even 
more  frequently  caused  than  cross- fertilisation ;  but  possess  the 
advantage  that  their  pollen  is  not  liable  to  be  wasted,  and  that 
they  receive  more  numerous  visits.  Advantages  and  disadvantages 
must  be  about  equally  balanced  in  the  two  varieties,  since  natural 
selection  has  not  enabled  either  to  outstrip  the  other.  The  rarity 
of  intermediate  forms  is  explained  by  the  fact  that  such  forms 
combine  the  disadvantages  of  both  extremes;  cross-fertilisation 
is  not  secured,  and  the  pollen  is  not  protected  from  robbery. 

Besides  the  visitors  already  mentioned  one  or  two  useless 
guests  frequent  the  flowers.  On  the  variety  in  which  the  perianth 
and  styles  stand  wide  apart,  I  once  saw  Osmia  rufa,  9 ,  engaged  in 
Fucking  honey.  This  bee  was  enabled,-  by  the  length  of  its 
proboscis  (8  mm.),  to  enjoy  the  honey  without  touching  either 
stigma  or  anther.  I  once  saw  a  hive-bee  trying  to  obtain  honey. 
It  crept  beneath  a  style  without  touching  the  st^'gma  or  anther, 
as  far  as  the  honey-p<issages,  and  then  stretched  out  its 
proboscis  (6  mm.),  which,  however,  was  too  short  to  reach  the 
honey.  After  several  unsuccessful  attempts  the  bee  deserted  the 
plant  and  settled  on  flowers  of  Ranunculus  ao'is. 

Visitors  :  A.  Hymenoptera — Apidcp :  (1)  Bombiis  vestalis,  Fourc.  ?  ;  (2) 
B.  agrorum,  F.  ?  $  ;  (3)  B.  hortorum,  L.  ?  5  ;  (4)  B.  Rajelliis,  111.  ? ,  all  four 
Mieking  ;  (5)  Os^niia  nifa,  L.  ? ,  sucking  without  effecting  fertilisation  ;  (6)  Apis 
mellifica,  L.  i} ,  vainly  sucking  honey.  B.  Diptera — SyrphUh^ :  (7)  Rhingia 
rostrata,  L.,  s.  and  f.i>. 

A  species  of  Ci/j^ella,  in  S.  Brazil,  according  to  Fritz  Miiller, 
increases  its  conspicuousness  very  effectually  by  not  expanding 
its  flowers  regularly  day  by  day  but  by  concentrating  them  upon 
certain  days  (S97). 

Crocus  veniv^y  All. — Honey  is  secreted  by  the  ovary,  and  rises 
in  the  narrow  tube  (almost  filled  by  the  style)  nearly  to  the  upper, 
somewhat  expanded  end.  It  can  only  be  completely  extracted  by 
long-tongued  Lepidoptera,  while  humble-bees  as  a  rule  can  only 
skim  the  surface.  By  the  violet  or  more  frequently  white  colour 
the  flow^ers  seem  to  be  adapted  for  crepuscular  and  nocturnal 
Lepidoptera.  I  have  found  them  visited  by  Plusia  gamina,  less 
often  by  Vanessa  cardui,  and  occasionally  by  humble-bees.   At  first, 
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only  the  aathers,  which  dehisce  extrorsely,  are  exposed  to  contact 
with  the  insects ;  afterwarila  the  stigmas  unfold  between  them. 
Cross-fertilisation  is  thus  insured  in  case  of  insect-visits ;  in  absence 
of  insects,  the  cup-shaped  or  rather  grooved  stigmas,  passing  out 
between  the  anthers,  are  dusted  with  their  pollen  (609,  fig.  10). 

In  Crocus  sativus.  All,,  the  ovaiy  secretes  honey,  according 
to  Sprengel  (742,  p.  68). 

Gladiolus,  Treviranus  states  that  flowers  of  this  genus  are 
eelf-fertilised,  the  style  curving  back  towards  the  anthers  (742). 

Qladiolua  segetum  has  proterandrous  dowers  formed  on  the 
Labiate  type  according  to  Delpino,  In  addition  to  the  her- 
maphrodite flowers  others  occur  containing  a  pistil  only  (178, 
p.  184.  360,  p.  670). 

Gladiolus  paltistris,  Gand.,  and  6.  communis,  L.,  are  visited 
by  bees  and  humble-bees  (S90,  l). 

Obd.  LILIACE^. 

388.  Asparagus  officinalis,  L. — This  plant  supplies  an 
undoubted  instance  of  a  transition  sti^e  between  moncecism  and 


—Ditto,  nfter  reinnv«l  rf  h»!f  Uie  periMlh. 
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dioBcism.  The  flowers  of  the  male  individuals  show  distinctly 
a  rudiment  of  a  pistil  (ft,  2,  fig.  182),  and  those  of  the  female 
individuals  show  functionless  but  still  conspicuous   rudiments  of 
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anthers  (a,  3).  Occasionally  reversion  to  the  hermaphrodite 
condition  takes  place,  and  then  in  the  hermaphrodite  Bowers  the 
pistil  may  sometimes  be  seen  in  various  degrees  of  abortion.* 
The  pendulous  bell-shaped  flowers  have  a  pleasant  scent ;  in  spite 
of  their  inconspicuous  colour  they  are  easily  visible  at  a  distance, 
the  male  flowers,  which  are  6  mm.  long,  being  much  more  so  than 
the  females  (3  mm.).  This  instance  conBrms  Sprengel's  oft- 
repeated  rule  that  the  male  flowers  of  diclinic  plants  are  more 
conspicuous  than  the  female,  whence  insects  are  likely  to  visit  the 
two  kinds  of  flowers  in  the  proper  sequence.  Honey  is  secreted 
and  lodged  in  the  base  bf  the  corolla. 

Visitors  :  Hymenoptera— ^jiufie .-  (1)  Apie  mellifica,  L.  5 ,  e.  and  cp.,  very 
ab, ;  (2)  Oemia  rufa,  L.  9,  b.  ;  (3)  Megftchile  centHntularia,  L.  $,  s.  ;  (4) 
ProBopifl  annularis,  K.  (Sm.)  $ ,  a. ;  (5)  Halictus  sexnotatna,  K.  ? ,  cp.,  hen 
and  there  looking  for  pollen  in  the  female  flowers  and  effecting  fertiluation 

occasional  lir. 

389.  CONVALLARiA  HAJAL18,  L, — When  the  flower  opens,  and 
before  the  anthers  ripen,  the  stigma  is  already  covered  with  long 


papillfe ;  yet  if  a  ripe  anther  be  passed  over  its  surface  scarcely 
any  pollen  adheres.  Afterwards,  when  the  anthers  have  dehisced, 
the  stigma  becomes  covered  with  a  sticky  fluid,  to  which  pollen 
adheres  readily.  I  have  not  found  honey  in  the  flowers,  though 
I  have  frequently  seen  hive-bees  visiting  them.  The  bees  collected 
pollen  hanging  to  the  pendulous  flowers  and  inserting  their  heads 
and  forelegs.  They  thus  brought  their  heads  in  contact  with 
the  stigma  before  the  anthers,  and  performed  cross-fertilisation 
regularly.  Then  as  the  bee  swept  the  pollen  from  the  anthers 
with  the  tarsal  brushes  of  its  forelegs,  it  dusted  its  head  anew 
'  Breit«nb«cb,  BU.  Zeitang,  Kot.  11,  1S7S. 
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with  pollen.  In  absence  of  insects,  self-fertilisation  takes  place 
regularly,  as  Hildebrand  has  shown  (351);  for  the  anthers  stand 
close  round  the  style  and  apply  their  pollen  to  the  marginal 
papillse  of  the  trilobed  stigma. 

390.  CoNVALLARiA  MULTIFLORA,  L. — The  honey  lies  at  the 
base  of  the  flower  between  the  perianth  and  the  ovary.  The 
length  of  the  perianth  tube,  which  is  11  to  15  mm.  long  (or  even 
18  mm.  in  cultivated  plants)  protects  the  honey  from  short-lipped 
insects,  and  the  pendulous  position  of  the  flower  protects  it  from 
rain.  Humble-bees  visit  the  flowers ;  they  thrust  their  heads  into 
the  wide  part  of  the  tube,  and  touch  the  stigma  which  stands 
in  the  mouth  of  the  flower,  and  the  anthers  which  ripen  simul- 
taneously with  it,  with  opposite  sides  of  their  heads  or  tongues. 
They  thus  effect  cross-fertilisation  regularly.  In  each  flower  the 
bee  in  touching  one  side  of  the  stigma  thrusts  the  opposite 
side  against  the  anthers.  In  absence  of  insects,  spontaneous 
self-fertilisation  occurs. 

Visitors:  A.  Hymenoptera — Apidce  :  (1)  Bombus  agrorum,  F.  ?  (12 — 15)  ; 
(2)  B.  hortorum,  L.  9  (19—21),  s.,  hanging,  back  downwards,  on  the  flowers. 

B.  Diptera — Syrphida :  (3)  Rhingia  rostrata,  L.  (11 — 12),  very  ab.,  often  two 
at  the  mouth  of  the  same  flower, — sucking  in  vain  for  honey,  which  its  tongue 
is  too  short  to  reach,  then  collecting  pollen  and  occasionally  eff'ecting  fertilisa- 
tion by  stroking  the  stigmas. 

Coiivcdlaria  verlicillata,  L.,  is  adapted  for  fertilisation  by  bees  ; 

C.  polygonatum,  L.,  for  fertilisation  by  humble-bees.  The  anthers 
and  stigma  are  matured  simultaneously,  and,  in  C,  vcrticillata  at 
least,  some  pollen  as  it  emerges  from  the  anthers  always  reaches 
the  stigma.  It  is  probable  that  it  is  outstripped  in  its  action  by 
pollen  brought  from  other  flowers  (6og). 

Aspidistra  elatior,  Blume. — Buchenau  described  the  structure 
of  the  flower  thoroughly,  but  was  unable  to  elucidate  its 
mechanism  fully.  Delpino,  however,  has  endeavoured,  with 
apparent  success,  to  explain  the  mechanism  of  the  flower,  though 
he  failed  to  find  it  visited  by  insects  (118,  178,  360). 

The  capitate  stigma  closes  the  flower,  leaving  only  four  small 
openings  through  which  Delpino  supposes  small  flies  to  enter; 
the  pollen  falls  out  of  the  anthers  and  lies  in  the  cavity  of  the 
flower.  The  flies  emerge  all  dusted  with  pollen,  and  alighting  on 
the  stigma  of  another  flower  place  some  pollen  there  before  they 
find  the  small  entrance. 
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Eohdm  juponica,  KuQth. — This  plant  is,  according  to  Delpino, 
a  link  between  the  A^araginece  and  the  Aroidete.  It  possoBses 
n  kind  of  spadix,  on  which  the  flowers  are  arranged  in  a  close, 
umoteiTupted  spiral.  The  fact  that  the  limb  of  the  perianth  is 
spread  out  exactly  on  a  level  with  the  points  of  the  anthers  and 
stigma  led  Delpino  to  think  that  fertilisation  was  effected  by  small 
animals  crawling  over  tho  dowers.  He  observed  snails  {Helix 
asperaa,  H.  vennicularis)  greedily  eating  the  perianth,  which  is 
yellow  and  fleshy ;  after  devouring  about  ten  flowers  they  crawled 
to  another  spadix.  Only  those  flowers  on  which  the  snails  bad 
crawled  proved  fertile ;  the  flowers  were  found  to  be  barren  to 
their  own  pollen.  These  observations  leave  no  doubt  that  snails 
are  really  efl^cient  fertilising  agents, 

Tritoma  Uvaria  is  adapted  for  fertilisation  by  diumal 
Lcpidoptera  (228). 

Yucca. — According  to  Riley  {108)  the  species  of  Yucca  which 
are  provided  with  a  dehiscent  capsular  fruit,  and  the  moth  which 
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effects  their  cross-fertilisation  {Pronvha  yxiccaseUa,  Riley)  stand  in 
close  interdependence.  In  the  female  of  this  moth  the  first  joint 
of  each  of  the  two  maxillary  palps  is  transformed  into  a  long 
prehensile  organ,  which  can  be  rolled  up.  and  which  serves  to  seize 
the  pollen  ^vith.     After  the  female  has  bored  the  ovary  in  several 
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places  and  deposited  an  egg  in  each  hole,  it  repeatedly  collects 
pollen  from  the  anthers  with  these  peculiar  organs,  places  it  on 
the  stigma,  and  thrusts  it  into  the  cavity,  the  moisture  in  which  it 
at  the  same  time  sucks.  The  larvae  now  develop  in  the  ovary,  and 
along  with  them  the  seeds,  which  serve  as  their  food,  develop  also, 
and  in  such  numbers  that  the  propagation  of  the  plant  remains 
ensured.  When  full-grown  the  larva  bores  a  hole  through  the 
capsule,  lowers  itself  to  the  ground  by  a  thread,  bores  some  inches 
deep  into  the  ground  and  spins  a  cocoon  in  which  it  passes  autumn, 
winter,  and  spring ;  it  passes  into  the  pupa  stage  about  fourteen 
days  before  the  Yuccas  begin  to  flower  and  emerges  at  the  time 
when  they  do  so  (667 — 671,  &c.). 

Paradisia  Liliastrum,  Bertolon,  is  adapted  for  fertilisation  by 
nocturnal  Lepidoptera.  The  honey  is  very  abundant,  and  is 
secreted,  as  in  Convallaria,  by  the  deep  longitudinal  slits  in  the 
ovary,  between  the  carpels.  The  flower  is  white,  and  the  stigma 
and  anthers  are  placed  as  in  Zilium  Martagon,  Lonicera  Pericly- 
memtm,  and  many  other  nocturnal  flowers  (609,  fig.  7). 

Eremuru^  speciabilis. — The  flowers  lose  their  conspicuousness 
before  the  stigma  and  anthers  are  mature  (367).  As  in  the  case  of 
Weigelia,  Lantana,  and  many  other  flowers  whose  colours  change, 
the  gain  hereby  is  that  the  less  intelligent  and  useless  guests  are 
attracted  away  to  the  more  conspicuous  flowers  which  contain  no 
treasure  for  them  (612). 

391.  Anthekicum  ramosum,  L. — The  flowers  are  regular,  and 
open  widely,  exposing  their  honey  so  much  that  the  most  short- 
lipped  insects  can  see  and  reach  it.  The  honey  is  secreted  by  the 
upper  part  of  the  ovary,  on  which  it  lies  in  three  drops  (Sprengel, 
pi.  xxiii.  fig.  8). 

On  the  Rehmberg  near  Miihlberg  in  July,  1868,  I  had  an 
opportunity  of  observing  this  plant  in  sunny  weather  under  its 
natural  surroundings.  The  flowers  were  assiduously  visited  by 
bees,  sucking  honey  and  collecting  pollen.  Each  time  they  alighted 
they  first  touched  the  projecting  stigma  and  then  the  anthers,  thus 
causing  cross- fertilisation  regularly.  A  handsome  black  and  green 
fly  {Mcrodon  ccneus,  Mgn.)  hovered  round  the  flowers  in  even  greater 
numbers  than  the  honey-bee,  sucking  the  honey  and  eating  pollen ; 
it  was  in  fact  the  principal  fertiliser.  Two  butterflies,  the  Swallow- 
tail {Papilio  Machaon)  and  a  Fritillary  {Mclitaa  Athalia,  Esp.), 
sucked  the  honey.  Their  long  thin  tongues  did  not  touch  or  only 
touched  by  accident  the  stigmas  and  anthers ;  but  as  they  usually 
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sat  upon  one  flower  while  sucking  another,  cross-fertilisation 
(owing  to  the  prominent  situation  of  the  stigma)  was  often  effected 
by  pollen  adhering  to  the  under  surface  of  their  bodies.  In  absence 
of  insects,  self  fertilisation  can  only  take  place  in  flowers  directed 
more  or  less  downwards. 

.  Visitors  :  A.  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  $ ,  s.  and  f.p. 
B.  Dii^teTSk—SyrphUIoi :  (2)  Merodon  ecneus,  Mgn.,  s.  and  f.p.  C.  Lepidoptera 
— Rhopalocera :  (3)  Papilio  Machaon,  L.,  s. ;  (4)  Melitaea  Athalia,  Esp.,  b. 
Visited  also  by  many  other  insects.    See  No.  590,  i. 

Anthericutn  Liliago,  L. — The  flower  resembles  that  of  the 
former  species  (590,  l). 

392.  Allium  ursinum,  L. — When  the  flower  first  opens  the 
style  is  only  from  one-third  to  one-half  of  its  ultimate  length ; 
the  papillae  are  not  yet  developed  on  the  stigma,  and  the 
anthers  are  still  all  immature.  First  of  all  the  three  inner  anthers 
dehisce  at  slow  intervals,  one  after  the  other ;  at  this  stage 
the  style  has  reached  three-quarters  or  more  of  its  fiill  length 
(4^  to  5  mm.).  Then  the  three  outer  anthers  dehisce  one  after 
another ;  the  style  has  now  reached  its  full  length  (6  mm.),  and 
the  papilhe  on  the  stigma  become  developed.  The  flowers  are  thus 
imperfectly  proterandrous.  The  anthers  dehisce  introrsely,  and 
then  turn  tliat  side  which  is  covered  with  pollen  more  or  less 
upwards.  In  specimens  flowering  in  my  room  I  found  some  flowers 
in  which  the  style  was  so  bent  during  the  last  stage  that  the  stigma 
touched  one  of  the  anthers  which  still  retained  some  of  its  pollen. 
In  this  way  self-fertilisation  was  effected  to  a  limited  extent  when 
no  insect  visited  the  flow^er.  In  a  wood  at  Stromberg  Sch loss- 
berg  on  the  IGth  May,  1868,  I  saw  Bonihus  pratorum,  9,  flying 
quickly  from  flower  to  flower  of  ^.  ursinum  ;  she  thrust  her  proboscis 
into  each  flower  in  search  of  honey,  and  after  scarcely  two  seconds 
hurried  on.  The  honey  is  secreted  by  the  ovary,  in  the  three 
notches  between  the  carpels,  and  fills  the  space  between  these 
notches  and  the  bases  of  the  three  inner  stamens.  Hence  the  bee 
when  sucking  must  touch  the  stigma  with  one  side  of  its  head  and 
the  anthers  with  the  opposite  side,  and,  in  old  flowers,  can  only 
lead  to  cross-fertilisation. 

393.  Allium  cepa,  L. — The  honey  in  this  species  is  placed  in 
the  same  position  as  in  the  preceding  one ;  the  anthers  and  stigma 
are  also  similarly  situated. 
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Visitors :  A.  Hjmenoptera — (a)  Apida  :  (1)  Bombns  terrestris,  L.  (J  ;  (2) 
Halictns  cylindiicus,  F.  $  ;  (3)  Prosopis  panctnlatL«aima,  Sm. ;  \b)  Spkegidtr  .- 
(4)  Miscus  campcstrifl,  Lair.    B.  Dipteia — (5)  Empis  livida,  L.,  all  sucking. 


Allium  earinatum  and  A.  Jistulasum, — Sprengel  fouDcl  these 
species  to  be  proterandrous.  He  has  obsened  honey-bees  in 
numbers  sucking  honey  on  the  flowers  of  the  latter. 

Allium  sphoerocephalum,  L.,  is  visited  by  bees,  flies,  and 
Lepidoptera  (609). 

Allium  Schoenoprasum,  13,  alpinum,  is  proterandrous  and  very  rich 
in  honey.  It  is  much  visited  by  small  moths  (Crambus),  even  at 
2,000  m.  above  the  sea-level  (665). 

Allium  rotundum,  L.,  is  adapted  for  fertilisation  by  sand-wasps 
and  bees.  The  three  nectaries  are  concealed  by  the  expanded 
bases  of  three  of  the  stamens ;  the  long  filamentous  processes  of 
the  stamens  protrude  from  the  flower,  and  probably  serve  to  guide 
the  bee  towards  the  honey  (590,  i). 

Allium  vidoriale,  L.,  is  markedly  proterandrous.  The  honey  is 
displayed  openly,  and  the  yellowish-white  flowers,  which  are  ex- 
ceedingly conspicuous  on  their  tall  stalks,  are  visited  by  numerous 
flies,  bees,  and  Lepidoptera  (609). 

Allium  sibiricum  has  proterandrous  flowers,  which  have  been 
figured  by  Ax  ell  (17). 

The  flowers  of  Hemerocallis  fuha  are  sterile  to  their  own 
pollen  according  to  Sprengel  (p.  43). 

Mmcari  hotryoides,  Mill.,  and  M.  raccmomm^  Mill.,  are  visited 
by  bees  and  adapted  for  fertilisation  by  them  (590,  i). 

Scilla  maritima,  L.,  is  visited  by  bees  (590,  i). 


394.  Hyacinthus  orientalis,  L. — The  perianth  forms  a 
tube,  12  to  14  mm.  or  more  in  length,  produced  into  six  outspread 
and  recurved  teeth.  In  its  lower  third  is  the  ovary,  with  a  short 
style  and  tripartite  stigma ;  in  the  middle  third  are  the  anthers, 
which  dehisce  introrsely  and  ripen  at  the  same  time  as  the  stigmas. 
No  free  honey  is  secreted,  but  the  wall  of  the  perianth  is  fleshy 
and  succulent,  and  is  probably  bored  by  long-tongued  insect- 
visitors.  When  an  insect's '  proboscis  is  thrust  into  a  flower  it 
touches  the  anthers  and  stigmas  with  opposite  sides,  and  so  cross- 
fertilisation  is  favoured.  Spontaneous  self-fertilisation  can  only 
occur  in  flowers  which  happen  to  be  inclined  sideways. 

Honey  is  said  by  Linnaeus  and  by  Sprengel  to  be  secreted  in 
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three  glands  in  the  angles  of  the  ovary,  but  I  have  not  been  able 
to  detect  it  (cf.  W.  J.  Behrens,  No.  $  i). 

Visitors  :  A.  Hymenoptera— jlpirfr.-  (1)  Bombus  terresf rw, L.  5  !  (2)  -An- 
thophora  pilipes,  F.  ?  (J,  ab.  ;  (3)  Andrena  fulva,  Schrk.  ?  ;  (4)  OsmiaTufa, 
L.  J,  very  ab.,  all  sucking.  B.  Diptem — Syrphida:  (5)  Cheiloua  sp.  Backing 
in  vain  forhoaey.  C.  Coleoptero — Nilldulida :  (6)  Metigethes,  on  the  anthera 
in  large  numbere,  apparentlj  feeding  on  the  pollen.    See  also  No.  590,  i. 

Lloydia  serotina,  Rchb. — This  plant  shoirs  an  advance  on  the 
foregoing  Liliacete  in  the  possession  of  special  nectaries,  consisting 
of  a  thick  ridge  at  the  base  and  in  tho  middle  line  of  each  segment 
of  the  perianth.  The  fiower  is  proterandrous,  but  the  stigma 
ripens  simultaneously  with  tho  inner  whorl  of  stamens ;  in  some 
cases  it  stands  on  a  level  with  their  anthers,  in  others  above  them, 
so  that  self-fertilisation  is  possible  or  not  respectively  (6og). 


Lilium-  Martagon,  L.,  is  adapted  for  cross-fertilisation  bySphin- 
gidie ;  Noctuidae  also  assist  in  the  work.  The  anthers  and  stigma 
ripen  simultaneously,  and  are  touched  by  the  feet  and  under  surface 
of  the  insect.  Self-fertilisation  also  occurs,  as  Sprengel  found.  The 
perfume  of  the  flower  begins  to  be  emitted  strongly  at  night 
(570,  S90. 1,  609). 

LUium,  hitlH/erum,  L.,  ie  adapted  for  fertilisation  by  diurnal 
Lepidoptera.  A  nectary  in  this  species  and  in  Z.  Martagon  is 
situated  in  the  middle  line  at  the  base  of  each  segment  of  the 
perianth  ;  but  it  is  not  a  ridge  merely,  as  in  Lloydia,  but  a  deep 
groove,  whose  edges,  bordered  by  stiff  hairs,  rise  up  and  arch  over 
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to  form  a  tube,  through  which  the  honey  has  to  be  sucked.  All 
but  long-tongued  insects  are  thus  excluded  (570,  609). 

Lilium  croceum,  Chaix.,  is  sterile  to  its  own  pollen  (248). 

Gagea  ItUea,  Schult.,  and  G.  arvensis,  Schult. — The  former  is 
proterogynous,  but  the  anthers  dehisce  soon  after  the  stigma  is 
mature.     Bees  visit  both  species  (590,  I.). 

GcLgea  Liottardi,  Schult. — Anthers  and  stigma  ripen  simul- 
taneously, but  the  golden  colour  of  the  flowers  and  the  abundant 
honey  attract  numerous  insect-visitors,  chiefly  Diptera,  so  that 
cross-fertilisation  must  generally  occurs  (609). 

Fritillaria  imperialis,  L.,  is  visited  by  the  hive-bee  (590,  i). 

395.  COLCHICUM  AUTUMN  AXE,  L.— In  most  cases,  the  use 
of  a  long,  tubular  corolla  is  to  exclude  short-lipped  insects 
from  the  honey  when  they  are  useless  for  the  work  of  ferti- 
lisation. But  Sprengel  has  rightly  insisted  (702,  p.  208)  that 
in  this  plant  the  length  of  the  corolla-tube  (which  rises  directly 
from  the  bulb)  is  merely  of  use  in  permitting  the  fruit  to  lie 
buried  in  the  earth,  and  indeed  hidden  within  the  bulb,  and  so 
to  be  sheltered  from  cold  during  the  winter.  The  honey  does  not 
lie  ia  the  corolla-tube,  but  is  secreted  by  the  yellow  outer  surface 
of  the  lower  part  of  the  free  portion  of  the  filaments;  and  it  lies 
within  grooves  of  the  corolla,  covered  over  by  protective  hairs. 
The  stigmas  mature  before  the  anthers  (a  fact  which  Sprengel 
overlooked),  but  remain  fresh  and  capable  of  fecundation  until  the 
anthers  ripen.  If  insects'  visits  occur  in  time,  cross-fertilisation 
is  inevitable,  owing  to  the  proterogynous  dichogamy  of  the  flower ; 
if  they  do  not  occur  till  late,  self-fertilisation  also  is  possible,  but 
it  is  rendered  unlikely  by  the  circumstance  that  the  anthers  turn 
their  pollen-covered  surfaces  outwaixls ;  if  no  insects  visit  the  flower 
this  movement  of  the  anthers  probably  prevents  spontaneous  self- 
fertilisation. 

On  the  morning  of  Sept.  19,  1869,  at  Driburg,  I  found  several 
flowers  still  closed  in  their  night's  sleep,  which  when  opened 
displayed  anthers  not  yet  ripe,  but  stigmas  richly  coated  with 
pollen.  Rather  later,  when  the  sun  came  out,  I  found  several 
males  of  Bombus  hortorum  busy  creeping  or  flying  from  flower  to 
flower,  and  sucking  honey  from  the  angles  between  the  filaments 
and  petals.  As  they  crept  into  the  flowers  they  touched  both 
stigmas  and  anthers  with  their  forelegs,  head,  or  the  anterior  part 
of  their  bodies,  dusting  these  parts  plentifully  with  pollen  in  flowers 
whose  anthers  were  mature. 
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Tofiddia  calyculata,  WaLlenb.,  is  proterogynous ;  1\  boi-ealis, 
Wahlenb.,  is  homogamous.  The  flowers  in  both  species  are 
yellow,  and  the  visitors  are  chiefly,  but  not  exclusively,  flies  and 
beetles.  The  much  smaller  flowers  of  T,  borealis  are  less  visited 
than  the  more  conspicuous  flowers  of  T,  calyculata,  but  the  former 
species  makes  up  in  part  by  an  increased  secretion  of  honey.  Its 
flowers,  being  homogamous,  have  a  better  chance  of  self-fertilisation 
in  default  of  insect-visits  (609). 

Methonica  {Gloriosa)  superba  has  a  pendulous  flower,  whose 
stamens  and  style  are  directed  horizontally  outwards,  and  serve, 
according  to  Delpino,  as  a  platform  for  insects  (172).  Ilildebrand 
states  that  in  young  flowers  the  style  serves  as  an  alighting-place, 
while  the  stamens  lie  deeper ;  and  that  in  older  flowers  the 
stamens  assume  this  function,  so  that  cross-fertilisation  of  young 
flowers  with  pollen  from  older  proceeds  regularly  (352). 

Paris  qvudrifolia. — I  was  long  puzzled  to  discover  how  this 
flower  is  fertilised. 

The  stigmas  are  already  mature  when  the  flowers  open  ;  the 
anthers  dehisce  several  days  later,  the  stigmas  still  remaining 
fresh.  The  pollen-grains  are  about  04  mm.  long  by  016  mm. 
broad ;  they  remain  adhering  in  great  quantity  to  the  ripe 
anthers,  but  fly  off  on  the  slightest  touch  in  a  cloud  of  separate 
grains.  The  nature  of  the  pollen  and  the  complete  absence  of 
iioney  and  of  a  coloured  perianth  point  to  the  flowers  as  being 
anemophilous.  The  stiff  filaments  and  the  long  connectives,  which 
are  produced  into  awn-like  prolongations,  do  not  support  this  view, 
unless  they  assist  the  transport  of  the  pollen  by  the  wind  when 
they  are  shaken  by  pollen -feeding  flies  alighting  on  them. 

I  wrote  the  above  in  1872,  and  I  did  not  discover  till  six  years 
later  that  the  flower  of  Paris  becomes  intelligible  in  all  its  parts 
when  one  looks  upon  it  as  adapted  for  Diptera ;  and  I  observed 
then  that  in  fact  it  is  visited  by  Diptera.  The  dark  purple  ovary, 
crowned  by  four  stigmas  of  the  same  colour,  glitters  as  if  it  were 
covered  with  moisture  ;  and  by  this  appearance  and  by  its  dis- 
agreeable smell  it  attracts  Scatophaga  merdaria  and  other  carrion- 
feeding  Diptera.  These  visitors  often  alight  upon  the  stigma 
and  lick  the  ovary  with  their  labellae,  and  then  climbing  up  the 
anthers,  dust  the  soles  of  their  feet  or  the  whole  under-surface 
of  their  bodies  with  pollen.  So,  flying  away  to  other  flowers,  they 
accomplish  cross-fertilisation  (589). 

Veratrum  album,  L.,  is  proterandrous.     Some  plants  possess,  in 
aldition  to  the  hermaphrodite  flowers,  male  flowers  also ;  others 
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bear  male  flowers  only.  That  is  to  say,  the  species  exhibits  a 
passage  through  andromonoecism  to  androdioecism.  The  flowers 
are  dirty-yellow,  and  the  visitors  are  principally  flies  (609). 


BEVIEW   OF  LILIACEiE. 

In  regard  to  the  genetic  relations  of  Liliacese,  the  following 
conclusions  may  be  drawn  from  the  floral  characters  that  have 
just  been  described. 

The  Liliaceae  must  have  once  possessed  open,  regular  flowers 
devoid  of  honey,  visited  and  cross-fertilised  by  pollen-seeking 
insects  only.  They  attained,  after  dividing  into  several  groups, 
to  the  secretion  of  open,  freely  accessible,  honey,  partly  secreted 
by  the  segments  of  the  perianth,  partly  by  the  carpels;  and 
in  part  they  still  remain  honeyless,  and  are  still  crossed  only  by 
insects  which  collect  or  feed  on  pollen  (Tulipa),  or  else  have 
become  developed  into  deceptive  flowers  which  attract  stupid  carrion- 
loving  flies  (Paris).  Those  Liliacese  in  which  honey  is  secreted  by 
the  carpels  have  in  part  open  flowers  with  generally  accessible 
honey  (Tofieldia,  Anthericum) ;  but  in  part  they  have  become 
adapted,  by  approximation  of  the  perianth-segments,  for  a  limited 
but  still  very  miscellaneous  lot  of  visitors  (Allium),  or  even  to  a 
special  long-proboscised  form  (Paradisia),  or  by  cohesion  of  the 
perianth-segments  into  a  longer  or  shorter  pendulous  bell,  to  bees 
in  general  {ConvaUaria  vertidllata)  or  to  humble-bees  and  other 
long-proboscised  bees  only  {G.  Polygonatwm).  Similarly  those 
Liliaceae  in  which  the  honey  is  secreted  by  the  segments  of  the 
perianth  have  in  part  remained  with  fully  or  moderately  open 
flowers,  destined  for  cross-fertilisation  chiefly  by  short- lipped  in- 
sects (Diptera),  (Veratrum,  Gagea,  Lloydia) ;  in  others  the  perianth- 
segments  have  become  approximated  without  cohesion  to  form  a 
pendulous  bell,  fertilised  by  bees  (Fritillaria) ;  in  others  the 
nectaries  have  become  modified  into  narrow  covered  grooves, 
which  are  only  accessible  to  Lepidoptera  (Lilium) ;  and,  finally, 
in  this  last  genus  adaptation  has  passed  from  diurnal  Lepidoptera 
to  Sphingidse  in  the  case  of  Lilium  Martagon. 

These  various  adaptations  have  all  taken  place  with  complete 
or  almost  complete  retention  of  the  regular  symmetry  of  the  flower  ; 
only  the  adaptation  to  Lepidoptera  (in  Paradisia  and  Lilium)  and 
the  oblique  position  of  the  flower  in  Anthericum  have  caused  an 
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unsymmetrical  curvature  of  the  reproductive  organs  especially  of 
the  style. 

The  colour  of  the  perianth  in  Liliacese  must  originally  have 
been  greenish,  as  it  still  is  in  Paris,  while  the  flowers  at  first 
made  themselves  conspicuous  to  insects  by  the  colour  of  the 
reproductive  organs.  By  the  selective  agency  of  short-lipped 
insects,  those  flowers  which  had  freely-visible  honey,  and  then 
such  as  had  their  honey  partially  concealed,  developed  greenish- 
yellow  colours  (Veratrum),  yellow  (Tofieldia,  Gagea),  greenish- 
white  and  white  (Lloydia,  Anthericum),  and  their  perianth- 
segments  became  devoted  to  purposes  of  display.  It  was  only 
when  sand-wasps,  bees,  long-tongued  flies  and  Lepidoptera  began 
to  play  a  leading  part  as  the  fertilising  agents,  and  led  to  the 
development  of  flowers  that  were  no  longer  accessible  to  the 
great  host  of  short-lipped  visitors,  that  red,  violet,  and  blue 
colours  began  to  be  developed  through  the  higher  colour-sense  of 
these  insects.  In  the  genus  Allium,  for  instance,  the  species  with  more 
accessible  honey  {A.  ursinum,  A,  victoriah)  have  a  white  perianth; 
those  with  less  accessible  honey,  which  are  visited  chiefly  by 
sand- wasps  and  bees,  and  also  by  Lepidoptera  and  long-proboscised 
flies  (eg,  A.  rotundum),  have  the  perianth  red.  In  Liliaceae, 
as  in  other  cases,  the  flowers  which  are  fertilised  by  bees  have  by 
far  the  greatest  variety  of  colour,  as  we  see  by  a  glance  at  Tulipa, 
Fritillaria,  Scilla,  Muscari,  Hyaciothus,  Asparagus,  and  Conval- 
laria.  The  colours  of  those  which  are  fertilised  by  Lepidoptera 
are  far  less  various.  Lilium  hdbiferum,  which  is  fertilised  by 
diurnal  Lepidoptera,  is  clothed  in  fiery  red ;  Paradisia,  which  is 
adapted  for  nocturnal  species,  is  white;  Z.  Martagon,  which 
only  became  modified  for  Sphingidse  supplementarily,  has  ex- 
changed its  bright  colours  for  dull  ones  since  it  ceased  to  bo 
fertilised  by  diurnal  Lepidoptera  (609,  pp.  55,  56). 

Obd.  AMARYLLIDEjE. 

396.  Galanthus  nivalis,  All. — Sprengel  has  given  a  full, 
and  on  the  whole  accurate,  account  of  this  flower ;  he  was,  however, 
inaccurate  in  regard  to  the  structures  which  he  supposed  to 
shelter  the  honey,  and  his  account  is  incomplete  in  regard  to  the 
circumstances  which  favour  cross-fertilisation. 

The  green  parts  of  the  grooves  on  the  inner  surface  of  the 
inner  petals  secrete  and  lodge  the  honey,  which  is  suflSciently 
sheltered  from  rain  by  the  pendulous  position  of  the  flower.     AlS 
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Sprengel  has  correctly  stated,  the  six  anthers,  which  lie  close 
round  the  style,  dehisce  by  apical  slits,  and  when  touched  permit 
a  little  pollen  to  fall  out;  each  anther  sends  a  process  outwards 
towards  the  perianth,  but  this  is  not  at  all  a  contrivance  to  guard 
the  honey  from  rain,  but  a  very  important  arrangement  favouring 
cross-fertilisation.  For  when  an  insect  tries  to  reach  the  honey,  it 
cannot  avoid  touching  one  or  more  of  these  anther-processes,  and 
so  causes  the  pollen  to  be  shaken  out  upon  its  head.  The  style 
projects  beyond  the  anthers,  and  the  insect  therefore  touches  the 
stigma  before  it  gets  dusted  with  the  pollen  of  the  flower.  In  case 
of  insect-visits,  cross-fertilisation  is  thus  ensured ;  but  in  absence 
of  insects  self-fertilisation  is  apt  to  take  place  by  pojlen  falling  on 
the  stigma. 

The  hive-bee  visits  the  flowers  diligently  in  sunny  weather, 
as  Sprengel  observed,  alighting  on  one  of  the  outer  perianth- 
segments.  If  in  search  of  pollen,  it  thrusts  its  head,  forelegs,  and 
midlegs  into  the  flower,  clinging  by  means  of  its  hindlegs  to  the 
outer  surface  of  an  inner  perianth-segment.  With  the  tarsal 
brushes  of  its  fore  and  mid-l^s  it  sweeps  pollen  from  the  anthers, 
and  places  it  in  the  baskets  on  its  hindlegs.  If  it  wishes  to  suck 
honey,  it  usually  finds  it  more  convenient  to  use  its  fore  and  mid- 
legs  for  clinging  to  the  perianth.  In  either  case  the  bee's  head 
may  always  be  found  covered  plentifully  with  pollen. 

Narciss^is  Tazetta. — Delpino  thinks  that  this  species  is  chiefly 
fertilised,  like  many  other  Amaryllideae,  by  nocturnal  or  crepuscular 
Lepidoptera.  However,  he  has  directly  observed  it  to  be  visited 
by  Anthophora  pilipes  (177,  p.  59). 

Crinum. — A  species  with  white,  sweet-scented  flowers,  about 
seven  inches  long,  is  believed  by  Delpino  to  be  fertilised  by 
butterflies  and  by  honey-sucking  birds  in  its  native  country,  and 
by  butterflies  in  Florence.  He  found  butterflies'  scales  upon  the 
stigma,  and  saw  good  seed  repeatedly  borne  by  the  flowers.  The 
essential  organs  are  exserted,  and  the  stigma  tic  surface  is  not 
exposed  until  the  anthers  have  withered  (177,  p.  56). 

Pancratium  mariiimum, — The  honey  is  very  deeply  situated, 
and  the  flower  seems  to  be  adapted  for  Sphinx  Convohndi  by  which 
it  is  very  frequently  visited  (172,  p.  17;  352,  p.  794). 

Obd.  TACCACEjE. 

Tacca  {Ataccia)  cinstata. — The  flower,  in  Delpino's  opinion,  has  a 
similar  mechanism  to  that  of  Aspidistra  elatior  (178,  360). 
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Obd.  DIOSGOREACEjE. 

lyioscorca. — The  species  which  are  cultivated  in  South  Brazil 
and  propagated  there  asexually,  never,  with  one  exception,  produce 
flowers  (359). 

Obd.  PONTEDERIACEJH, 

Pontederia  is  remarkable  as  a  trimorphic  monocotyleilon.  My 
brother  Fritz  Miiller  found  only  long-styled  and  short-styled 
individuals  of  an  apparently  trimorphic  species  of  Pontederia,  on 
the  banks  of  the  Itajahy-mirim  in  South  Brazil ;  while  another 
species,  P.  {Eiclwmia)  crassipes,  which  has  been  introduced  as  an 
ornamental  plant  into  the  colony  of  Blumenau,  exists  there  in 
long-,  mid-,  and  short-styled  individuals  (556). 

MonocJwria,  L.,  has  cleistogamic  flowers,  according  to   Kuhn 

(399). 

Obd.   COMMELINACEJC. 

Weinmann  has  observed  subterranean  cleistogamic  flowers  in 
Cammelina  bengalensis  (531). 

TradescaiUia    erecta    produces    cleistogamic    flowers    in   Kew 

(330). 

Obd.  JUNCACEJU. 

Juncics  and  Luzula  have  anemophilous  flowers  in  which  self- 
fertilisation  is  for  the  most  part  rendered  impossible  by  proterogyny. 
The  proterogynous  flowers  of  Luzula  pilosa  have  been  figured 
by  Hildebrand  (351,  fig.  4),  those  of  Juncus  Jili/ormis  by  Axell 
(17,  p.  38).  So  far  as  their  proterogynous  condition  is  concerned, 
the  flowers  of  Luzula   campestris  agree   perfectly  with  those  of 

Jwuncs  hufoniv^s,  according  to  Batalin  (39),  is  exclusively  self- 
fertilised  in  Russia,  the  flowers,  which  are  triandrous,  remaining 
closed.  According  to  Ascherson  (10),  the  same  species  at  Halle  has 
ordinary  open,  lateral,  hexandrous  flowers,  in  addition  to  terminal 
cleistogamic,  triandrous  ones.  This  statement  is  confirmed  by 
Haussknecht,^  who  found  hybrids  between  J.  lufonius  and 
J,  sp1ujcrocar2yus,  whose  flowers  always  expand  fully. 

Luzula  lutea  and  i.  nivea  attract  insects  by  their  conspicuous 

*  BoUmiache  Zcitnng,  i>.  802,  1871. 

O  O 


562  THE  FERTILISATION  OF  FLOWERS.        [pabt  hi. 

colour;  the  former  shows  in  other  respects  also  remarkable 
approximations  to  the  condition  of  an  entomophilous  flower. 
Indeed,  if  the  pollen-grains  of  L,  luteal  instead  of  being  smooth  and 
powdery,  became  adhesive,  the  plant  might  be  supposed  to  have 
attained  the  rank  of  an  entomophilous  species  (609,  fig.  I). 

Obd.  FALMJE. 

Sabal  Adanmmi  has  a  white  perianth  which  contains  honey ; 
it  is  proterogynous  and  is  fertilised  by  insects  [Halictus,  Foliates 
gcUlica).  Chamcedorea  is  also  entomophilous ;  Cocos  and  Syagras, 
on  the  other  hand,  are  anemophilous  (177,  p.  61). 

Ord.   AROIDEuE. 

397.  Arum  maculatum,  L. — The  arrangement  of  the  flowers 
in  this  species  agrees  so  completely  with  Delpino's  excellent 
account  oi  Arvnn  ifulicicm  (178,  360)  that  I  have  little  new  to  add. 
The  upper  part  of  the  spathe  (d,  1,  Fig.  185)  serves  as  a  wide, 
conspicuous  entrance,  guiding  small  Diptera  {Psychoda)  into  the 
lower  chamber  (c)  which  forms  a  temporary  prison.  The  insects 
creep  down  the  dark-red  spadix  (c)  or  sometimes  the  sides  of 
the  spathe  until  they  reach  the  upper  part  of  the  chamber  (at  the 
level  of  a,  h,  1,  Fig.  185).  At  this  point  several  rows  of  hairs 
(metamorphosed  stamens)  radiate  outwards,  pointing  slightly  down- 
wards, from  the  spadix,  and*  form  a  palisade  which  does  not 
prevent  the  small  visitors  from  creeping  down  into  the  chamber 
(c),  but  afterwards  prevents  them  from  escaping  when  they  try 
to  fly  towards  the  light.  Even  when  they  try  to  escape  by 
crawling  up  the  spadix,  the  sharp  downturned  points  bar  their 
way. 

In  the  first  stage  of  flowering  the  stigmas  only,  which  are 
borne  by  the  base  of  the  spadix,  are  mature ;  a  foul  ammoniacal 
smell  attracts  the  Psycliodse  into  the  prison,  where  they  cross- 
fertilise  the  stigmas  if  they  have  come  from  other  plants.  In  the 
second  stage  the  stigmatic  papillae  wither,  and  a  drop  of  honey 
appears  in  the  middle  of  each  stigma,  to  reward  the  little  visitors 
for  their  pains.  In  the  third  stage  the  anthers  dehisce,  and  the 
greater  pjvrt  of  their  pollen  falls  upon  the  floor  of  the  chamber ; 
the  insects  dust  themselves  over  and  over  with  it,  and  finally, 
when  the  ]>alisiule  of  haii^s  withers  in  the  fourth  period,  they  pass 
out,  and  enter  another  flower  in  its  first  stage. 
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Delpino  lias  obsei-ved  Arum  ilaiiciim  to  be  fertilised  by  six 
different  flies,  of  tho  genera  Ceratopogon,  Chironomus,  Sciara, 
Tsi/choda,  Limosina,  aad  DrosopkUa  (178,  p.  243).  In  Arum, 
mmutatum  I  have  only  found  Psychoda,  but  it  occurs  almost 
constantly,  and  sometimes  by  hundreds  in  a  single  spatbe.  I 
could  often  aee,  on  looking  down  through  the  grating,  that  many 
of  the  prisoners  were  trying  to  fly  upwards  to  the  light,  and 
falling  Imckwards,  or  trying  to  crawl  out  and  being  repulsed  by 
the  sharp  points.     Whenever  I  broke  open  a  spathe  in  the  third 
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stage  of  flowering,  I  always  found  a  multitude  of  inmates  groping 
about  in  the  thick  layer  of  pollen  on  the  floor  of  the  chamber. 
The  Psychodae  which  I  collected  were  so  various  in  size  and  colour 
that  I  supposed  I  had  obtained  at  least  three  species ;  but  Herr 
Winnertz  of  Crefeld  tells  me  that  they  all  belong  to  the  very 
variable  species  Psychoda  phalwnoides,  L.,  which  is  probably  the 
same  species  found  by  Delpino  in  Arum  itdlicum,  and  identified 
by  Rondani  as  Psychoda  nervosa,  Schr.^ 

'  AccotJIbs  to  Schiber,  P*iidu)da  phalanvwUa,  I,.,  is  idcntleaJ  with  P.  ncno.'a, 
tiKn.,  and  perhaps  also  with  Tipala  imrrona,  Sclirank. 
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Arum  dracunaidus  (Ihacunculus  vulgaris)  is  visited  accord- 
ing to  Delpino  by  flesh-eating  flies,  as  is  also  AmorphapJialltcs 
campanulatus  (178,  p.  238).  According  to  Arcangeli  it  is  fertilised 
almost  exclusively  by  carrion-loving  beetles  {Saprinus^  Dermestes, 
Oxytelus  (7). 

Arisarum  is  distinguished  from  Arum  by  the  following 
features.  The  edges  of  the  spathe  do  not  meet,  the  aborted 
stamens  are  absent,  and  so  the  spathe  surrounds  a  cavity  which 
insect-visitors  can  enter  or  leave  at  will.  The  stigmas  are  still 
capable  of  impregnation  when  the  anthers,  which  stand  above 
them,  dehisce,  so  that  self-fertilisation  may  occur  (178,  p.  21 ; 
360,  p.  591). 

Alocasia  odora  is  supposed  by  Delpino  to  be  fertilised  by 
snails.  The  spadix  is  covered  in  its  whole  length  with  normal  and 
abortive  stamens  and  pistils;  only  female  flowers  occur  in  the 
lower,  wider  part  of  the  spathe,  and  they  only  are  mature  in  the 
first  period.  From  this  chamber  an  attractive  odour  issues,  and 
the  snails  are  admitted  by  a  narrow  entrance.  In  the  second 
stage  this  entrance  closes,  and  the  anthers  dehisce.  Snails  which 
creep  on  to  flowers  in  this  stage  seek  vainly  for  the  entrance,  and 
dust  themselves  with  pollen,  which  they  afterwards  carry  to  the 
stigmas  of  younger  plants.  Delpino  supposes  that  the  snails,  after 
eflfecting  cross-fertilisation,  are  poisoned  by  an  irritant  secretion 
within  the  chamber  of  the  spathe,  and  are  so  prevented  from 
devouring  the  flowers  (178,  360). 

In  Delpino*s  opinion,  Typhonium  ciispidatum,  Ariscema  JUi- 
formCy  AmorplwphaUus  variahiliSy  Atherurm  tHpartUus,  and 
species  of  Anthurium  are  also  fertilised  by  snails  (178,  p.  238). 

Arum  temaium,  Thnbg.,  is  proterogynous.  There  is  an  upper 
male  chamber,  and  immediately  below  it  a  female  chamber  into 
which  the  pollen  falls  upon  the  imprisoned  insects  (probably  small 
flies),  which  are  afterwards  allowed  to  escape  by  a  small  door 
(107,596). 

Amm  crinitum.  Ait.,  resembles  A,  maculaitim,  but  attracts 
carrion-flies  by  means  of  its  strong  odour  of  putrid  flesh.  The 
smaller  visitors  are  held  fast  by  sticky  hairs  in  the  floral  chamber 
and  digested  (688,  689). 

The  gigantic  Amorphoplialhis  {Conophallus)  Titannm^  whose 
spathe  is  33  inches  in  diameter,  and  the  bare  part  of  whose  floral 
axis  attains  a  length  of  6  feet,  is  adapted,  by  its  dirty-yellow  and 
dark-purple  colours,  for  dung-  and  carrion-flies  (48). 

Sfylochiton  hypogcens,  Lepr.,  and  St,  lancif alius,  Kotschy  and 
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Peyritsch,  from  Central  Africa,  remain  with  their  inflorescence, 
which  consists  of  male  and  female  flowers,  and  is  inclosed  within 
a  spathe  (like  our  A7'um),  beneath  the  gi'ound ;  the  tip  only  pro- 
trudes, and  by  it  the  fertilising  agents  creep  into  the  floral 
chamber.    A  similar  condition  exists  in  Biarum  and  Cryptocoryne 

(222). 

Calla  palustris,  L. — This  plant  exhibits  a  first  step  towards 
the  condition  of  things  which  is  perfected  in  Anim  maculatum. 
Its  disgusting  sraelj  protects  it  from  injurious  animals,  and  attracts 
carrion-loving  flies.  The  white  spathe  is  very  conspicuous,  and  the 
proterogynous  condition  is  very  distinctly  marked  (590,  I.).  Eug. 
Warming  (762)  attributes  a  share  in  the  work  of  fertilisation  to 
pond-snails. 

Symplocarpus  fodidus. — This  shows  an  intermediate  stage 
between  the  open  spathe  of  Calla  paluatris  and  the  closed 
prison  of  Arum  maculatum  (728). 

In  Ambrodnia  Bassii  the  anthers  are  within  the  spathe,  the 
stigmas  outside,  at  the  end  of  the  spadix.  The  fertilising  agents 
(flies)  creep  down  the  spadix,  and  so  in  each  plant  come  in  contact 
with  the  stigmas  before  the  anthers  (178,  p.  230). 

Anihurium  Pothos  is  proterogynous  with  short-lived  stigmas, 
like  most  other  Aroideae  (177,  p.  62). 


Ord.  LEMNACE^. 

Lemna  miTwr,  L.,  according  to  Ludwig,  is  adapted  for  fertilisation 
by  insects  which  live  upon  the  surface  of  the  water;  so  also, 
apparently,  are  Z.  ti^ulca,  L.  gibha,  and  X.  polyrrhiza  (435). 


Ord.  ALISMACEjE, 

398.  Alisma  Plantago,  L. — The  three  white  or  reddish  petals 
are  yellow  at  the  base,  and  expand  to  form  a  disk  about  10  mm. 
in  diameter. 

The  chief  visitors  are  Syrphidse.  They  alight  sometimes  in 
the  middle  of  a  flower,  in  which  case  the  insect's  belly  comes  in 
contact  with  the  stigmas  and  immediately  afterwards  with  the 
anthers ;  or  they  alight  on  one  of  the  petals  and  creep  towards  the 
pollen  or  honey,  in  which  case  various  parts  of  the  insect's  body 
come  in  contact  with  the  anthers,  and  sometimes  also  with  the 
stigmas. 
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Although  the  possibility  of  self-fertilisation  being  effected  by 
the  insect- visitors  is  by  no  means  excluded,  cross-fertilisation  is 
very  much  more  probable,  for  when  the  insect  alights  in  the 
middle  of  the  flower  cross-fertilisation  is  inevitable,  and  even  if  it 
alights  OQ  a  petal  cross-fertilisation  is  more  likely  to  occur  than 
self-fertilisation  owing  to  the  relative  position  of  the  anthers  and 
the  drops  of  honey. 


The  six  anthers  are  directed  obliquely  upwards  and  outwards, 
and  dehisce  extrorsely.  They  stand  at  a  considerable  distance 
from  the  stigmas,  which  project  in  the  middle  of  the  flower  and 
ripen  simultaneously  with  them.  Honey  is  secreted  in  twelve 
drops  by  the  inner  surface  of  a  fleshy  ring  formed  by  the  coherent 
ba-ies  of  the  filaments;  one  drop  is  placed  opposite  to  each 
filament,  and  one  in  the  interspace  between  each  pair  {a,   1,  2, 
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Fig.  186).  A  fly,  startiug  from  a  petal,  usually  applies  its 
tongue  to  the  honey-drops  one  by  one,  and  after  each  it  strokes 
an  anther  with  its  labellse;  in  so  doing  it  may  bring  various 
parts  of  its  bcxly  in  contact  with  the  anthers;  but,  as  a  rule, 
the  parts  which  come  in  contact  with  the  anthers  are  not  those 
which  come  in  contact  with  the  stigmas  in  the  same  flower. 

I  have  not  determined  whether  self-fertilisation  takes  place  in 
absence  of  insects. 

Visitors  :  Diptera — Syrphida :  (1)  Eristalls  sepulcralis,  L.  ;  (2)  Syritta 
pipiens,  L.,  both  ab.  ;  (3)  Ascia  podagrica,  F.,  very  freq.  ;  (4)  Melanostoma 
iiiellina,  L.  ;  (5)  Melithreptus  scriptus,  L. ;  all  sometimes  sucking,  sometimes 
eating  pollen, 

Alisina  natans,  L. — In  floods,  the  flowers  remain  closed  below 
the  surface  of  the  water,  and  fertilise  themselves  (350* 


Obd.  NAIADACE.E. 

The  plants  of  this  order  are  anemophilous  or  hydrophilous. 

The  proterogynous  flowers  of  Triglochin  pabtstre,  L.,  have  been 
figured  by  Axell  (17). 

The  species  of  Potamogcton  are  distinctly  anemophilous.  The 
proterogynous  flowers  of  P.  perfoliatiis,  L.,  have  been  figured  by 
Axell  (17,  p.  38). 

Posidonia  is  supposed  by  Delpino  to  be  a  grass  adapted  for  a 
submerged  life  (178). 

Zostera  is  considered  by  Delpino  to  be  an  Aroid  modified  for  a 
submarine  existence  (178,  il.).  The  mode  of  fertilisation  of  Zostera 
marina,  L.,  is  described  by  Clavaud  (138)  and  Engler  (223). 


Ord.  CYPERACE.E. 

The  plants  of  this  order  are  throughout  anemophilous,  but, 
like  the  grasses,  they  are  by  no  means  without  occasional  insect- 
visits.  I  have  very  often  seen  Melnnostoina  meJlina,  L.,  busy  on 
the  anthers  of  Scirpm  palicstris;  my  son  Hermann  has  seen 
several  specimens  of  the  hive-bee  collecting  pollen  on  Carex 
hirta,  L.,  and  I  have  watched  the  same  insect  doing  so  on 
Carcx  montana,  L. 
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Ord.  GRAMINE.E. 

This  whole  order  consists  of  plants  with  well-marked  anemo- 
philous  flowers.  I  have,  however,  often  observed  a  small  fly 
(Melanostoma  mellina,  L.)  busy  upon  the  anthers  of  various  grasses 
(^ArUhoxanihuvi  odoratum,  Poa  annua,  Fcstuca  pratensis,  Agrosiis 
alba).  Bromus  mollis  and  Brachypodium  pinnatum  are  visited  by 
beetles  (590,  i.).  Many  grasses  are  proterogynous,  e.g.  Anthoxan- 
thum  odoratum,  Alopecurus  pratensis,  Nardus  Uricta  (351,  p.  19). 
Oryza  clandestina  is  remarkable  for  possessing  cleistogamic  flowers 

(759).' 

Secah  cereale. — Anthers  and  stigmas  mature  simultaneously. 

The  flowers    expand  widely,  and  the  essential    organs  protrude 

freely ;  cross-fertilisation  can  consequently  be  effected  on  a  veiy 

large  scale  by  the  wind  (180).^ 

Triticum  vulgare,  L. — Anthers  and  stigmas  mature  simulta- 
neously, but  the  flowers  only  expand  partially  and  for  about  a  quarter 
of  an  hour ;  they  then  close  up  perriianently.  The  flower  opens 
suddenly,  scattering  all  its  pollen,  about  one-third  of  which  remains 
within  the  flower  while  the  other  two-thirds  are  shaken  out. 
Cross-fertilisation  can  only  be  eflfected  by  the  wind  to  a  much  less 
extent  than  in  the  preceding  species,  and  Delpino  has  found  by 
experiment  that  self-fertilisation  leads  to  the  production  of  good 
seed.  The  flowering  period  lasts  four  days,  and  since  each  flower 
only  expands  for  a  quarter  of  an  hour,  a  very  small  fraction  of  the 
flowers  are  expanded  at  any  one  time  ( 1 80). 

Hordcum  vidgare. — The  flowers  in  the  two  intermediate  rows 
never  expand  ;  those  in  the  four  outer  rows  behave  like  the  flowers 
of  wheat  (180). 

Hordeum  distichum. — While  in  ET.  vulgare  all  the  flowers  are 
hermaphrodite,  only  those  in  the  two  central  rows  are  so  in 
ff,  distichum.  They  also  remain  closed  and  fertilise  themselves ; 
but  occasionally  normal  open  flowers  occur  among  them,  which  may 
then  be  cross-fertilised  by  pollen  from  the  male  flowers  in  the 
four  outer  rows  (180). 

Hordeum  and  Cryptostachys  have  cleistogamic  flowers  (167). 

^  AschersoD,  BotanUehe  Zeiiwng,  p.  350,  1864. 
^  Kornicke,  in  ItegcVs  Oartenflora,  p.  20,  1866. 


PART  IV. 

GENERAL  RETROSPECT. 

In  this  section  I  propose  to  review  the  various  structural 
features  of  flowers  that  have  ah^ady  been  described  in  detail,  and 
to  trace  their  general  effect  on  the  life  of  the  plant.  If  we  cannot 
discover  the  causes,  we  may  determine  accurately  the  effects,  of  any 
modification  in  structure  of  a  flower. 

The  various  characters  of  entomophilous  flowers  which  affect 
the  life  of  the  plant  may  be  grouped  as  follows  : — 

1.  Characters  which  influence  the  visits  of  insects — 

a.  General  attractions  for  anthophilous  insects. 

a.  Colour  or  scent, 

/8.  Honey,  pollen,  shelter,  or  other  substantial  benefit. 

b.  Increased  attractions  for  certain  insects,  gained  by  the 
exclusion  of  others. 

a.  By  colour  or  scent. 

/3.  By  concealment  of  the  honey  or  pollen. 

7.  By  the  time  of  flowering  or  the  place  of  growth. 

2.  Characters  which  influence  fertilisation — 

a.  Mutual  adaptations  of  pollen  and  stigma. 

b.  The   insuring  of  cross-fertilisation  in  case  of  insect- 
visits,  and  of  self-fertilisation  in  absence  of  insects. 

1. — a.  CHARACTERS  INDUCING   INSECTS*   VISITS. 

a.  Uffed  of  Conspicuoicsness  and  of  Odour. 

In  the  third  section  of  this  book,  I  have  discussed  so  many 
cases  of  closely  allied  flowers  differing  in  conspicuousness,  and 
at  the  same  time  in  abundance  of  insect-visits  and  in  the  chances 
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of  cross-  or  self-fertilisation,  that  it  will  suflfice  to  refer  here  to  a 
few  instances  only.  We  have  instituted  comparisons  between 
similar  genera  of  Umbelliferae,  between  species  of  the  genera 
BanuTVculus^  Geranium,  Malva,  Polygonwn,  Ceradiurn,  Epilobium, 
Bubus,  Veronica,  Carduus,  and  Hieracium,  between  diflferent  forms 
of  Euphrasia  officinalis^  Rhinanthus  crista-galli,  Lysimachia  vulgaris, 
etc.,  and  in  all  cases  the  same  result  has  been  obtained :  that,  cmteris 
paribus,  a  species  of  flower  is  the  more  visited  by  insects  the 
more  conspicuous  it  is ;  and  that  when  closely  allied  flowers,  alike 
in  other  respects,  differ  in  conspicuousness  and  also  in  the  degree 
to  which  cross-fertilisation  is  insured  in  case  of  insect-visits  and 
self-fertilisation  prevented  in  their  absence,  it  is  always  found  that 
cross-fertilisation  is  the  more  perfectly  insured  in  the  more  con- 
spicuous and  therefore  more  abundantly  visited  flowers.  And  on 
the  other  hand,  under  the  same  conditions,  self-fertilisation  is  best 
insured  in  those  flowers  which  are  least  conspicuous,  and  which 
therefore  are  least  visited  by  insects  and  least  likely  to  be  cross- 
fertilised.  These  three  statements  are  fully  proved  in  the  case  of 
many  plants  by  observations  recorded  in  the  foregoing  section; 
the  proof  rests  upon  sound  facts  and  direct  observations  and  not 
in  any  way  on  speculation  or  conjecture. 

Let  us  proceed  to  examine  the  last  two  of  these  three  state- 
ments, which  deal  more  closely  with  the  act  of  fertilisation.  The 
most  important  deduction  to  be  drawn  from  them  is,  that  in 
general  anthophilous  insects  are  not  limited  by  hereditary  instinct 
to  certain  flowers,  but  that  they  wander  about  getting  their  food 
on  whatever  flowers  they  find  it.  For  if  each  insect  had  its  own 
species  of  flower  as  most  caterpillars  have  their  own  particular 
food  plant,  the  abundance  of  insect-visits  to  the  plant  would  not 
depend  at  all  upon  its  conspicuousness. 

In  isolated  cases  we  may  find  a  particular  insect  confining  its 
visits  exclusively  or  almost  exclusively  to  a  particular  flower.  I 
give  the  following  instances  from  my  own  observations.  I  have 
found  Andrena  florea  only  on  Bryonia  dioica,  and  A,  halictoides 
only  in  flowers  of  Campanula :  Andrena  Hattorjmna  confines  its 
visits  almost  entirely  to  Scabiosa  arvensis,  Cilissa  melanura  to 
Lythnvm  Salicaria,  Macropis  labiata  to  Lysimachia  vulgaris,  Osmia 
adunca  and  0.  cxmentaria  to  Echium,  But  these  insects  do  not  form 
1  per  cent,  of  all  the  species  that  I  have  observed,  and  even 
of  these  cases  the  restriction  is  only  complete  in  two. 

I  have  already  cited  numerous  instances  of  insects  seekincr 
honey  in  flowers  which  contain  none  or  which  conceal  it  beyond 
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their  reach.  For  instance,  butterflies  may  be  seen  on  the  honey- 
less  flowers  of  Hypericum  perforatum,  applying  their  tongues 
to  the  base  of  the  flower  without  either  finding  honey  or  piercing 
succulent  tissue ;  the  hive^bee  tries  in  vain  to  reach  the  honey 
of  Iris  Pseudacorus,  and  Rhingia  to  reach  the  honey  of  Dianthus 
deltoides  and  Lamium  maculatum,  Bomhus  terrestris  tries  vainly 
to  reach  the  honey  of  Aq^iilegia  vulgaris.  Primula  elatior,  Vicia 
Faba,  etc.,  in  the  legitimate  way,  but  finally  bites  a  hole  and  steals 
the  honey ;  various  small  insects  (Meligethes,  Andrena  parmUa, 
Spilogaster  scmiciTierea)  visit  the  flowers  of  Cypripedium,  but  find 
no  food  and,  being  unable  to  escape,  are  starved  to  death.  I 
think  I  have  given  enough  similar  instances  in  foregoing  pages 
to  prove  beyond  doubt  that  anthophilous  insects  are  not  guided 
by  hereditary  instinct  to  particular  flowers. 

Another  class  of  facts  shows  clearly  that  those  insects  whose 
bodily  organisation  is  least  adapted  for  a  floral  diet,  are  also  least 
ingenious  and  skilful  in  seeking  and  obtaining  their  food ;  so  that 

anthophilous  insects  intelligence  seems  to  advance  pari  passu 
with  structural  adaptation.  This  statement  is  fully  proved  by  the 
insect  lists  given  in  the  sequel.  The  following  examples  may  serve 
to  illustrate  the  point  at  present.  Coccinclla  scptempunctata,  which 
is  not  adapted  at  all  for  a  floral  diet,  behaves  so  awkwardly  on 
flowers  of  Erodium  cicutarium  that  it  generally  loses  its  hold  and 
often  falls  to  the  ground ;  and  many  attempts  fail  to  make  it  more 
skilful.  Sarcophaga  camaria  seeks  honey  diligently  on  flowers  of 
Polygonum  Bistorta,  but  it  usually  misses  its  aim  in  trying  to  in- 
sert its  proboscis  into  the  flowers ;  Andrena  albicans  at  first  is 
equally  awkward,  but  gradually  becomes  more  skilful  and  learns 
to  insert  its  proboscis  with  greater  accuracy.  The  hive-bee  never 
fails  in  any  case  to  insert  its  proboscis  accurately. 

Since  we  have  found  that  structural  adaptation  and  intelligence 
advance  together,  it  is  easy  to  understand  the  fact  that  short- 
lipped  insects,  little  or  not  at  all  specialised  for  a  floral  diet,  can 
usually  only  find  fully  exposed  honey,  such  as  Listera,  Pamassia, 
Comiis,  and  Umbelli ferae  afford ;  honey  still  easily  accessible  but 
not  directly  visible  to  them  is  passed  by.  It  is  also  quite  in- 
telligible that  the  more  specialised  visitors  visit  those  flowers  most 
diligently  which  supply  them  with  most  booty ;  for  instance,  bees 
furnished  with  abdominal  collecting-brushes  visit  chiefly  flowers 
fitted  to  apply  pollen  to  their  ventral  surfaces  ;  long-tongued  bees 
visit  chiefly  flowers  with  deep  honey-receptacles,  whose  honey  is 
inaccessible  t-o  the  great  mass  of  insects;  and  hawk-moths,  which 
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surpass  all  other  insects  in  length  of  tongue,  visit  flowers  whose 
honey  is  accessible  to  them  alone. 

We  find  that  the  above-mentioned  insects  often  resort,  to  a 
certain  small  extent,  to  flowers  less  productive  than  those  that 
they  usually  frequent.  It  is  rare  for  a  plant  which  produces 
numerous  flowers  and  much  honey  or  pollen  to  continue  so 
abundant  for  the  whole  period  that  an  insect  is  on  the  wing  that 
that  insect  can  confine  its  visits  to  it  alone.  In  such  cases  it  is 
probable  that  the  acquired  habit  is  transmitted  instinctively  from 
one  generation  to  another. 

The  study  of  particular  species  of  insects  confirms  the  con- 
clusion based  on  observation  of  the  more  conspicuous  flowers, 
that  in  general  anthophilous  insects  are  not  confined  by  hereditary 
instinct  to  certain  flowers,  but  fly  about  seeking  their  food  on 
whatever  flowers  they  can  find  it.  And  hence  the  circumstance, 
already  insisted  on,  that  a  flower  receives  the  more  visits  the  more 
conspicuous  it  is,  becomes  readily  intelligible.  It  is  also  clear  how 
natural  selection  must  have  seized  upon  and  perpetuated  all 
characters  tending  to  greater  conspicuousness.  And  thus  we  may 
explain  all  such  phenomena  as  the  development  of  various  colours 
in  flowers,  the  enlargement  and  increased  prominence  of  the 
coloured  surfaces,  the  association  of  many  flowers  together,  the 
division  of  labour  in  such  associations  between  reproductive  and 
merely  attractive  members  of  the  community,  the  appearance  of 
the  flowers  before  the  leaves  in  Salix,  Comus  mascula,  etc.,  and 
many  other  similar  phenomena. 

Fffed  of  Odour. 

The  effect  of  various  perfumes  in  attracting  insects  is  as  manifest 
as  the  effect  of  conspicuousness ;  and  observation  shows  that  strong 
scent  is  an  even  more  powerful  lure  than  bright  colours.  The 
richly  scented  flowers  of  Convolvulus  arvensis  are  far  more 
abundantly  visited  than  the  larger  and  more  conspicuous  but 
scentless  flowers  of  C.  sepium;  the  sweet-scented  Violet  is  much 
more  visited  than  the  large,  brightly  coloured,  but  scentless 
Pansy ;  the  small,  insignificant,  but  strongly  perfumed  flowers  of 
Lepidium  sativum  surpass  in  the  abundance  of  their  visitors  the 
other  more  conspicuous  but  scentless  Crucifers. 

p,—The  Effect  of  Food  Siq^ply, 

Every  plant  supplies  in  its  pollen  a  nitrogenous  food  which  is 
readily  made  use  of  by  many  insects,  and  when  once  found  leads 
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to  repeated  visits.   Hence  even  well-marked  anemophilous  flowers 
are  often  visited  by  insects.^ 

This  fact  is  of  special  importance  in  explaining  the  origin  of 
entomophilous  flowers.  For  the  fact  that  the  lowest  and  most 
primitive  Phanerogams  are  anemophilous  forces  us  to  suppose 
that  all  entomophilous  plants  have  sprung  originally  from  anemo* 
philous  ;  that  the  first  adaptations  to  insect-visits  were  attained  in 
flowers  adapted  for  wind- fertilisation ;  and  that  wind-fertilised 
flowers,  then  as  now,  received  visits  from  insects.  In  comparatively 
few  entomophilous  flowers  is  the  amount  of  pollen  required  by  the 
plant  itself  the  sole  attraction  for  insects.  The  great  majority 
either  produce  a  large  excess  of  pollen  or  else  secrete  honey.  The 
fact  that  many  plants  *  secrete  honey  even  outside  their  flowers, 
in  which  case  it  does  not  influence  fertilisation,  renders  it  probable 
that  the  mere  excretion  of  honey  is  beneficial,  and  may  have  begun 
before  all  adaptations  to  insect-visits.  Whether  the  excretion 
of  honey  began  before  or  after  the  first  adaptations  to  insect- 
visits,  honey  is  now  the  most  powerful  attraction  for  insecta  If 
we  compare  the  insect-visits  of  Genista  and  Lohis,  of  Helianthemuvi 
vulgare  and  Banunmibcs  acris,  R.  repeiis,  or  B.  bulbosus,  of  Spircca 
Jllipendula  or  S,  Ulma)^  with  S.  salicifolia,  S,  ulmifolia,  or 
S.  sorhifolia,  we  perceive  how  much  more  abundant  visits  (ccderis 
paribus)  a  flower  which  contains  honey  receives  than  a  similar 
flower  which  does  not,  and  how  much  more  various  are  the 
insect-visitors  if  the  honey  is  easily  accessible. 

A  third  food  material  which  leads  insects  to  repeated  visits 
is  sap  included  within  succulent  tissues.  Darwin's  observations 
and  my  own  have  shown  beyond  the  possibility  of  doubt  that  the 
inner  membrane  of  the  spur  of  our  native  Orchises  is  pierced  by 
insect-visitors.  I  have  shown  that  the  same  is  probably  true 
of  Cytisus  Laburnum,  and  Erythrcea  Centaurium,  The  circum- 
stance that  many  flies  (Umpidce,  Conopidx,  Bonibylidce),  as  well  as 
the  more  specialised  bees  and  Lepidopt^ra,  are  provided  with  a 
boring  apparatus  at  the  tip  of  their  proboscides,  indicates  that 
this  boring  for  sap  is  much  more  usual  among  insects  than  was 
formerly  supposed.  From  the  comparatively  few  visits  which  our 
Orchises  receive  it  would  appear  that  sap  included  within  a  tissue 
is  less  attractive  to  insects  than  free  honey. 

Anthers,  filaments,  petals,  carpels,  in  short  all  the  more  delicate 

*  See  PoUrium^  p.  236 ;   Artemisutf  p.  333 ;  Cupult/erce,  p.   523 ;   Cyperaceo!, 
Graminefey  p.  567. 

Cf.  Vandivas  and  Eptdrndrincp,  p.  528. 
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tissues  of  the  flower  are  devoured  by  some  insects,  especially 
beetles.     But  this  cannot  be  considered  of  advantage  to  the  plant. 

In  many  Orchids  fleshy  processes  of  the  labellum  are  devoured 
by  insects ;  in  Polystachya  (Malaxidece)  the  labellum  becomes  filled 
with  loose  cells  on  which  insects  feed  ;  but  we  have  no  accurate 
observations  as  to  the  value  of  these  attractions. 

The  shelter  which  many  flowers  aflFord  from  rain  and  wind  is 
in  many  cases  a  powerful  attraction.  For  instance,  the  males  of 
many  bees  pass  the  night  within  flowers  of  Campanula  or  take 
shelter  there  from  rain ;  and  many  small  Diptera  resort  for  shelter 
to  the  flowers  of  Arum  and  Ai^olochia. 

K — THE   EXCLUSION   OF  CERTAIN    INSECTS,   AND    CONSEQUENT 

INCREASED  ATTRACTION   OF  OTHERS. 

While,  on  the  one  hand,  it  is  of  advantage  for  flowers  to  be 
visited  by  the  utmost  possible  variety  of  insects,  since  the  like- 
lihood of  cross-fertilisation  increases  with  the  number  of  visitors, 
yet,  on  the  other  hand,  the  attraction  of  all  kinds  of  insects  has 
several  disadvantages.  For  many  visitors  are  positively  hurtful, 
as,  for  instance,  voracious  beetles,  which  may  devour  the  repro- 
ductive elements  of  the  flower ;  and  each  class  of  insects  will  be 
the  less  attracted  the  more  the  store  of  food  is  removed  by  others ; 
easily  accessible  honey  is  therefore  the  least  likely  to  attract  the 
most  diligent,  long-tongued  insects.  Besides,  easily  accessible 
honey  and  pollen  are  also  the  most  liable  to  be  spoilt  by  rain.  So 
exclusion  of  certain  insects  may  be  advantageous  to  the  plant, 
if  thereby  injurious  insects  are  excluded,  if  certain  other  insects 
are  stimulated  to  more  diligent  visits,  or,  lastly,  if  the  honey  and 
pollen  are  sheltered  from  rain.  The  great  majority  of  flowers 
possess  contrivances  for  more  or  less  restricting  insect- visits. 

a. — Limitation  of  Insect-  Visits  by  Colour  and  OcUnir, 

The  plants  that  we  have  discussed  furnish  only  one  class  of 
instances  of  colour  directly  limiting  insect- visits. 

All  dull  yellow  (dirty-yellow,  brownish-yellow,  yellowish-white) 
flowers  {Biqyleunim,  Ancthum,  Pastinaca,  Rhus  Cotinus,  Galium 
Mollugo,  RiUa,  Ncottia,  Euonymus,  Euphorbia,  Adoxa,  Alchemilla) 
are  entirely  or  almost  entirely  avoided  by  beetles;  closely  allied 
white  flowers  (Umbelliferce,  Rubits,  Rosa,  Galium  vcrum)  are  visited 
by  beetles,  more  or  less  to  their  injury;  and  brightly  coloxired 
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flowers,  even  though  they  are  scentless  and  offer  no  honey,  or  none 
that  is  accessible  {Ranunculus,  Helmntliemum,  Fapaver,  Genista), 
attract  beetles  in  numbers.  The  only  apparent  explanation  of 
these  facts  is  that  beetles  are  only  or  mainly  attracted  to  flowers 
by  bright  colours.  If  this  explanation  is  correct,  dull-yellow  must 
be  an  advantageous  colour  for  plants  with  freely  exposed  honey, 
protecting  them  from  these  injurious  guests.  And  the  fact  that 
dull-yellow  colours  only  occur  in  flowers  with  exposed  honey  lends 
support  to  this  view. 

Delpino  goes  much  further  in  regard  to  the  exclusion  of  insect- 
visitors  by  colour,  for  he  supposes  that  dull-yellow  and  purple- 
spotted  flowers  are  visited  only  by  Diptera.  But  my  lists  show 
that  almost  all  the  dull-yellow  flowers  mentioned  above  are  visited 
by  Hymenoptera,  sometimes  in  groat  abundance  and  variety.  I 
have  only  investigated  two  purple-spotted  flowers,  namely, 
Cypripedium  Calceolus,  whose  staminode  is  speckled  with  purple, 
and  Ly copies  curopceus,  whose  lower  lip  bears  reddish-purple 
spots;  but  both  of  these  are  visited  chiefly  by  insects  of  other 
orders. 

Indirect  limitation  of  insect- visitors  by  colour  is  instanced  in 
several  other  cases;  but  such  limitation  is  of  very  subsidiary  im- 
portance, since  it  is  always  combined  with  other  more  powerful 
restrictions.  Several  bright  and  pretty  flowers,  eg,  the  species  of 
Dianthus,  attract  butterflies  in  great  numbers;  even  if  the 
honey  was  accessible  to  other  insects  their  visits  would  be  greatly 
reduced  by  the  fact  of  the  honey  being  in  great  part  used  up 
by  the  butterflies ;  but  in  these  cases  the  honey  is  placed  at 
the  bottom  of  a  tube  so  narrow  that  it  is  only  accessible  to  the 
proboscis  of  a  butterfly. 

Many  light-coloured  flowers,  which  often  grow  in  shady  places, 
are  inconspicuous  by  day  but  conspicuous  by  night  {e.g.  Platan^ 
thera).  These  are  chiefly  visited  by  crepuscular  Lepidoptera,  but 
insects  are  excluded  not  so  much  by  the  colour  as  by  the 
situation  of  the  honey  at  the  base  of  long,  narrow  tubes. 

Limitation  of  insect-visits  by  peculiar  odour  is  probably  a  more 
common  phenomenon;  but  our  present  knowledge  is  not  suffi- 
cient to  admit  of  perfectly  definite  conclusions.  It  is  obvious  that 
flowers  with  a  putrid  odour  are  mainly  fitted  to  attract  carrion- 
flies  and  meat-flies,  but  how  far  their  odour  repels  other  insects 
has  not  yet  been  decided  by  observation.  None  of  our  native 
flowers  possess  odours  of  this  kind.  In  like  manner  it  is  scarcely 
possible  to   doubt  that   the   foul   ammoniacal  smell  of  Arum  is 
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specially  attractive  to  Psychodcd,  which  are  attracted  by  other  sub- 
stances of  similar  smell ;  but  since  the  grating  of  hairs  in  Arum 
excludes  larger  insects  we  cannot  be  certain  that  the  smell  alone 
would  repel  them.  Delpino  supposed  that  strong  perfumes  such 
as  those  of  Ruta  and  Anethum  are  very  attractive  to  flies  and  are 
avoided  by  other  insects,  especially  by  bees.  But  according  to  my 
observations  the  same  flies  which  visit  Anethum  and  RtUa  also 
visit  a  great  variety  of  other  plants,  some  sweet-scented,  others 
scentless,  in  the  same  abundance  and  with  the  same  assiduity. 
Moreover  I  have  observed  the  flowers  of  Anethum  visited  by  six 
species  of  bees  and  twenty-five  other  Hymenoptera  as  well  as  by 
fifteen  species  of  flies,  and  Ruta  visited  by  three  species  of  bees 
and  eleven  other  Hymenoptera  in  addition  to  nineteen  species  of 
flies.  Delpino's  statement  may  be  more  accurate  in  the  case  of 
Samhucus,  but  the  flowers  of  that  plant  are  so  little  visited  that 
we  must  not  yet  conclude  that  they  are  not  sometimes  visited  by 
pollen-collecting  bees.  Bees  of  the  genus  Prosoins,  which  them- 
selves emit  a  strong  odour,  are  chiefly  found  on  strong-scented 
flowers  {Reseda,  Lepidium,  Ruta,  Anethum,  Achillea,  Matricavia), 
and  here,  as  in  other  cases,  the  concentration  of  one  class  of 
visitors  may  tend  to  restrict  the  visits  of  others. 

Sweet,  aromatic  perfumes,  pleasant  to  our  own  senses,  sucli  as 
the  scents  of  Asclcpias  Cornuti,  Rom  Centifolia,  Thymus,  Lavendulu, 
are,  as  Delpino  has  shown,  specially  attractive  to  bees,  but  in  a 
less  degree  to  other  insects  also ;  and  here  again  we  find  that 
deep  situation  of  the  honey  is  the  chief  means  of  restricting 
insect- visits. 

)8. — Exclusion  of  Certain  Classes  of  Insect- Visitors  by  Paux^Uy  or 

Concealment  of  Food  Material. 

Absence  of  honey  and  inaccessibility  of  the  honey  or  pollen 
restrict  insect-visits  much  more  effectually  than  peculiarities  in 
colour  or  odour.  Honeyloss  flowers  with  exserted  anthers  are 
scarcely  visited  except  by  pollen-feeding  flies  (especially  Syrphidxi?) 
and  pollen-collecting  bees.  Lopidoptera  and  purely  suctorial  fliea 
(Empidcv,  ConoimUv,  Bomlylidcc)  linger  at  most  for  a  short  time  on 
honeyless  flowers  to  bore  succulent  tissues  for  included  sap,  but 
usually  fly  away  after  a  few  seconds  to  other  flowers.  Beetles  and 
sand- wasps  devour  the  pollen  of  honeyless  flowers,  but  resort  far 
more  abundantly  to  flowers  which  furnish  them  with  both  pollen 
and    honey ;    a   few   voracious    Lamellicorns    {Gttonia     Trichi'its) 


PART  IV.]  GENERAL  RETROSPECT.  577 

devour  the  anthers,  carpels,  or  petals  of  honeyless  and  honey- 
yielding  flowers  indifferently.^ 

Since  honeyless  flowers  are  usually  soon  abandoned  by  honey- 
seeking  insects  without  being  secured  from  the  visits  of  destructive 
beetles  and  without  being  visited  the  more  diligently  by  pollen- 
collecting  insects,  such  flowers  are  cccteris  paribus  at  a  disad- 
vantage compared  with  those  which  contain  honey.  But  in  most 
cases  this  disadvantage  is  in  some  way  counteracted,  generally  by 
superabundant  production  of  pollen,  in  many  cases  also  (Papaver, 
Hypericum  perforatum)  by  extreme  conspicuousness ;  in  this  latter 
case,  even  such  insects  as  find  little  or  nothing  of  use  to  them, 
yet  search  through  a  few  flowers  and  eflfect  cross-pollination  to 
a  certain  extent.  But  when  in  honeyless  flowers  with  exposed 
anthers,  the  production  of  pollen  and  the  conspicuousness  of  the 
flowers  remain  low,  as  in  Solanum,  Hypericum  hirsuium,  H,  quad- 
ranf/vlum,  H,  humifusum^  Agrimonia  Eupatoria,  Anagallia,  insect- 
visits  are  so  rare  that  the  species  is  only  preserved  by  the  regular 
occurrence  of  self-fertilisation. 

Honeyless  flowers  with  concealed  anthers  will  be  more 
readily  understood  when  we  have  studied  the  eflfects  of  deeply 
placed  honey. 

The  concealment  of  the  honey  in  a  nectary  protected  by  other 
parts  of  the  flower,  processes,  hairs,  etc.,  is  of  advantage  to  the 
plant  in  two  ways :  it  protects  the  honey  from  rain,  and  it  permits 
a  larger  supply  to  be  accumulated,  thus  attracting  visitors  in  an 
increased  degree.  With  these  advantages  are  connected  two 
disadvantages :  the  honey  is  the  less  easily  discovered  the  more 
it  is  protected  from  rain,  so  that  a  great  host  of  the  less  acute 
visitors  are  excluded,  from  it;  and  the  more  intelligent  visitors, 
which  are  able  to  detect  it,  cannot  obtain  it  so  quickly  as  if 
it  were  more  exposed,  so  that  the  work  of  fertilisation  goes  on 
more  slowly.  Both  of  these  disadvantages  can  be  diminished  by 
special  contrivances,  and  even  turned  into  advantages.  For  ex- 
clusion of  the  multitude  of  less  intelligent,  short-lipped  visitors  is 

^  The  honeyless  flowers  with  freely  exposed  anthers  which  I  have  most  carefully 
examined  are  Clematis  recta,  Thalictrum  aqiiilegifoHunif  T.  flavum,  Anemone 
-nemorosa,  Papaver  RhoeaSy  Chelidonium  maj%i8y  Hdianthe^num  vulgare,  Hypericum 
perforatum,  Agrimonia  Eupatoria,  Spircea  Ulmaria,  S.  Filipendula,  and  S,  Arxmeus, 
On  these  twelve  plants  I  noted  145  distinct  insect-visitors.  I  saw  40  bees  collecting 
pollen,  6  feeding  on  pollen,  and  4  boring  the  tissues  of  the  flower  for  sap  ;  2  other 
Hymenoptera  feeding  on  pollen,  2  intent  on  capturing  flies,  and  4  apparently  seeking 
in  vain  for  honey  ;  57  Syrj»hid«;  feeding  on  nollcn  ;  5  Muscidse  feeding  on  pollen ; 
2  Bombylii  boring  for  sap  ;  3  Diptera  apparently  seeking  vainly  for  honey  ;  18  beetles 
devouring  pollen  and  anthers,  and  sometimes  carpels  and  petals ;  2  J^pidoptera 
seeking  in  vain  for  honey. 
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only  injurious  so  long  as  more  specialised  visitors  are  not  abundant 
enough  to  accomplish  all  the  work  of  fertilisation  ;  but  as  soon  as 
the  development  of  special  structures,  to  contain  and  to  protect 
the  honey,  permits  a  larger  accumulation  thereof,  the  number  of 
long-tongued  visitors  increases  so  much  as  to  more  than  com- 
pensate for  the  falling  oflF  in  short-lipped  visitors.  Delay  in 
the  work  of  fertilisation,  owing  to  concealment  of  the  honey,  is 
diminished  by  a  great  variety  of  contrivances,  and  sometimes 
entirely  removed;  the  disadvantage  that  honey  sheltered  from 
rain  is  not  directly  visible,  is  alleviated  by  pathfinders  (coloured 
spots  or  lines),  which  point  towards  the  honey  and  enable  the 
more  intelligent  visitors  to  find  it  in  a  moment ;  delay  in  obtain- 
ing deeply  placed  honey  is  lessened  by  the  development  of 
convenient  standing-places,  of  apertures  specially  fitted  for  the 
insect's  head  or  proboscis  (Labiates,  Echium,  etc.),  and  by  the 
grouping  of  many  flowers  in  close  association,  so  as  to  permit 
rapid  passage  from  flower  to  flower  {Thymus,  Mentha,  Jasione). 
Finally,  in  ScoMoscc  and  CompositaB,  we  see  how,  by  means  of 
exserted  reproductive  organs  and  dichogamy,  fertilisation  en  masse 
is  rendered  not  incompatible  with  concealment  of  the  honey. 

In  the  account  that  I  have  just  given  of  the  evolution  of 
flowers  with  more  or  less  deeply  placed  honey,  I  have  stated  that, 
in  the  first  place,  the  advantages  which  led  to  such  development 
were  the  protection  of  the  honey  from  rain,  and  the  possibility  of 
accumulating  a  large  store ;  and  that  the  exclusion  of  short-lipped 
insects  was  an  advantage  obtained  indirectly.  It  may  be  sug- 
gested that  possibly  this  statement  should  be  reversed.  But  since 
the  long  proboscides  of  anthophilous  insects  and  the  long  tubes  of 
entomophilous  flowers  have  been  developed  in  mutual  adaptation, 
and  have  advanced  together  to  greater  and  greater  perfection,  we 
must  suppose  that  the  first  honey-yielding  flowers  exposed  their 
honey  on  flat  surfaces,  and  that  the  first  flower- visiting  insects 
were  only  furnished  with  organs  capable  of  licking  up  fully  ex- 
posed honey.  Under  these  circumstances  elongation  of  the 
proboscis  would  be  of  no  advantage  to  any  insect  so  long  as 
there  was  only  freely  exposed  honey  to  lick ;  but  shelter  from  rain 
and  increased  room  for  accumulating  honey  would  be  beneficial 
to  the  plant  even  before  insects  became  divided  into  short-tongued 
and  long-tongued.  Therefore  it  is  certain  that  the  commencing 
evolution  of  stnictures  to  store  and  protect  honey  preceded  the 
elongation  of  insects*  tongues.  It  was  not  until  honey-receptacles 
and  a  more  copious  secretion  of  honey  had  been  attained  in  certain 
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flowers,  that  it  became  possible  for  long-proboscised  varieties  of 
entomophilous  insects  to  vanquish  their  short-lipped  relatives  in 
the  struggle  for  existence.  This  tendency  of  natural  selection 
must  have  taken  eflfect  the  more  certainly,  in  each  class  of  insects, 
the  more  the  insects  were  dependent  on  a  floral  diet. 

To  give  a  clear  view  of  the  effect  of  simple  concealment  of  the  honey  in 
flowers  With  exposed  anthers,  I  have  tabulated  the  visitors  of  certain  groups  of 
flowers  in  which  the  honey  is  fully  exposed,  others  in  which  it  is  more  deeply 
situated  but  still  visible,  and  others  again,  in  which  it  is  quite  concealed.  The 
following  is  a  summary  of  the  result  :— 

(a)  On  the  twenty-five  Umbellifeiae  treated  in  detail  in  Part  III.,  whose 
flowers  contain  honey  freely  exposed  in  a  smooth,  adherent  layer,  I  have 
observed  757  distinct  insect-visits ;  that  is  to  say,  an  average  of  30  to  each 
species. 

(b)  On  thirty-eight  species  of  flowers  whose  honey  is  still  visible,  but  is 
placed  more  or  less  deeply  at  the  base  of  a  regular  flower,  and  accumulates  in 
somewhat  greater  quantity  {Cruci/erm,  Nos.  27 — 41  ;  Polygonum^  Nos.  369 — 
374;  AhinefP,  Nos.  60-67;  Rosacea!,  Nos.  128,  133,  135,  150 -153X  I 
have  observed  582  distinct  insect-visits,  or  on  an  average  15  to  16  to  each 
species. 

(c)  On  twenty-seven  species  of  flowers  whose  honey  is  not  directly  visible 
but  is  yet  accessible  to  the  most  short-lipped  insects  (Geraniacece,  Noe.  76 — 83 ; 
{Malva,  Nob.  69—72  ;  Epilobium,  No.  166 ;  Campanula,  Nos.  277—282  ; 
Jasione,  No.  283 ;  Ranunculus^  Nos.  6 — 10)  I  have  observed  384  distinct 
insect- visits,  or  an  average  of  13  to  14  to  each  species. 

If  we  cl&ssify  these  \'i8it8  according  to  the  classes  to  which  the  insects  belong, 
and  subdivide  these  classes,  when  necessary,  according  to  the  lengths  of  the 
insects'  proboscides,  we  find  the  following  number  per  thousand  visits^  for  each 
of  the  above-mentioned  group  of  flowers  : — 

(1)  Orthoptera,  Neuroptera,  and  Hemiptera :  (a)  12 ;  (&)  3  ;  (c)  3. 

(2)  Coleoplera :  (a)  84 ;  (6)  168  ;  (c)  76. 

(3)  Long-tongued  Diptera :  (a)  84 ;  (b)  167  ;  (c)  78. 

Bomhjlius,  Empis,  and  Concpida :  (a)  15  ;  (6)  40  ;  (c)  26. 
EristaliSy  HehphiluSj  and  Volucella :  (a)  69  ;  (6)  105  ;  (c)  36. 
Rhingia :  (a)    0  ;  (6)     22  ;  (c)  16. 

(4)  Short-tongued  Diptera :  {a)  289  ;  {b)  250 ;  (r)  180. 

(5)  Apidoi :  (a)  127  ;  {b)  292 ;  (c)  524. 

Prosopis :  (a)  25  ;  {b)    14  ;  (c)    42. 

Sphecodes,  Andrenc^and  Balictus :  (a)  86;  (6)  176;  (c)  250. 
Other  bees  with  moderately  long  tongues  :  (a)  15  ;  (b)  70  ;  (c)  180. 

Bombus  and  Anthophora :  (a)     1  ;  {b)  33  ;  (c)     52. 

(6)  Other  Hymenoptera :  (a)  332  ;  (b)  69 ;  (c)  91. 

(7)  Lepidoptera :  (a)  8  ;  (h)  41  ;  (c)  44. 

(8)  Thrips :  (a)  0 ;  {b)  10 ;  (c)  5. 

However  imperfect  my  lists  may  be,  and  however  small  the  value  that  we 
can  give  to  particular  numbers,  this  table  shows  clearly  that  with  increased 
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concealment  of  the  honey  the  number  of  short-lipped  visitortf  diminishes  and 
the  number  of  long-tongued  visitors  increases  ;  and  that,  in  the  end,  bees  far 
outnumber  beetles,  wasps,  and  short-lipped  flies. 

The  tubes  in  which  various  flowers  conceal  their  honey  vary  in 
length  between  very  wide  limits — from  scarcely  1  mm.  to  about 
30  mm.  in  our  native  flowers.  In  the  shortest  forms,  e.^.  species  of 
Veronica,  the  tube  with  its  interior  circle  of  hairs  acts  just  like 
the  structures  which  shelter  the  honey  in  Maha  and  Geranium. 
The  further  increase  of  length  in  such  tubes  depends  entirely 
upon  the  advantage  to  the  flower  of  excluding  certain  groups 
of  insects  in  order  to  induce  more  diligent  visits  on  the  part 
of  others. 

If  increase  in  length  of  the  proboscis  proceeded  ^ari  passu  with 
increased  need  of  food  and  increased  diligence,  and  therefore  also 
with  increased  usefulness  in  the  work  of  fertilisation,  the  various 
adaptations  connected  with  it  would  be  comparatively  easy  to 
understand.  But  this  is  by  no  means  the  case.  The  entomophilous 
insects  which  require  most  food  and  are  most  diligent,  and  there- 
fore the  most  efficient  fertilisers,  are  unquestionably  the  Bees, 
since  they  feed  not  only  themselves  but  their  young  solely  on 
substances  derived  from  flowers  ;  but  the  circumstance*  that  they 
have  to  use  their  mouth-parts  to  build  the  cells  for  their  young 
has  set  definite  limits  to  the  adaptation  of  these  parts  for  obtaining 
deeply  placed  honey,  while  such  limits  do  not  exist  for  Lepidoptera. 
Accordingly,  though  bees  have  far  surpassed  flies  in  the  length 
of  their  tongue  (our  longest-tongued  Diptera,  Bovibyliiis  and 
Ehingia,  have  proboscides  10  to  12  mm.  long,  while  Anthaphora 
pilipes  and  Bamhis  kortoruvi  have  proboscides  over  20  mm.  long), 
they  are  far  outstripped  by  many  Lepidoptera  (Sphinx  lig^ustri, 
37  to  42  mm.,  S,  Convohmli,  65  to  80  mm.). 

Though,  owing  to  the  special  diligence  of  bees,  most  tubular 
flowers  have  elongated  their  tubes  so  as  to  exclude  the  more 
short-lipped  insects  and  to  admit  a  wider  or  narrower  circle  of 
the  more  specialised  bees,  and  though  many  of  these  flowers 
are  shown  by  other  structural  adaptations  to  be  specially  fitted 
for  bees,  yet  butterflies  have  access  to  the  honey  of  all  these 
flowers,  and  sometimes  act  as  subsidiary  fertilising  agents  though 
often  they  are  quite  useless  to  the  plant. 

Most  of  our  native  flowers  with  hidden  honey  have  at  the  same  time  their 
pollen  more  or  less  deeply  situated,  or  else  differ  in  other  important  relations, 
and  are  therefore  not  fitted  to  show  clearly  the  efl'ect  of  incre;ised  concealment 
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of  the  honey.  The  CofnjwsUcp,  however,  furnish  several  scries  of  forms  well 
fitted  to  demonstrate  this  point  Omitting  some  aberrant  forms,  the  honey  is 
on  the  whole  least  deeply  situated  in  the  Senedonida:,  more  deeply  placed  in  the 
Cichoriacetf,  and  most  deeply  in  the  Cynarea.  On  (a)  ten  Senecivnidce  (Nos. 
216,  222,  224,  226,  227,  228,  232,  233,  236,  237),  I  have  observed  335  different 
insect-visits,  or  an  average  of  33*5  to  each  species  ;  on  (b)  fifteen  CichoriacetB 
(Nos.  259,  261—273,  275),  356  distinct  visits,  or  an  average  of  23  to  24  ; 
and  on  (c)  ten  Cynarem  (Nos.  240,  241,  244,  245,  249,  252,  254,  256,  257,  258), 
189,  or  an  average  of  18  to  19.  The  following  table  is  similar  to  the  preceding 
one,  and  shows  the  proportionate  number  of  visits  paid  by  each  group  of 
insects,  reckoning  the  total  number  of  visits  observed  at  1,000. 

(1)  Specially  long-tongued  bees,  Bonihus  find.  AtUhophora  :  (a)  15  ;  (6)  48 ; 
(c)  211. 

(2)  Bees  with  abdominal  collecting-brushes  (and  long  proboscides)  :  (a)  27  ; 
{b)  48  ;  (f)  131. 

(3)  Other  bees  i^nth  long  or  moderately  long  proboscides  :  {a)  42  ;  (6)  126  ; 
.  (c)  85. 

(4)  SphecodM,  Amlrena^  and  EalictuB  (proboscides  moderately  long)  :  (a) 
167  ;  (6)  399 ;  (c)  196. 

(5)  Frosopis  and  CoIIetes  (short-tongued)  :  (a)  30  ;  (b)  8 ;  (c)  5. 

(6)  Other  ITymenopUra  (mostly  short-lipped) :  (a)  137  ;  (b)  17  ;  (c)  35. 

(7)  Long-tongued,  purely  suctorial  Dipttra  (Bombylius^  Empis,  Conopidas) ; 
(a)  42  ;  {b)  42  ;  (r)  35. 

(8)  Rhingia :  (a)  ^  ;  (b)  3 ;   (c)   10. 

(9)  Syrphida  with  shorter  tongues  than  Rhingia  {Erisialis,  Helophilus^ 
Volucella)  :  (a)  92  ;  (6)  84  ;  (c)  55. 

(10)  Short-tongued  Z>iptera ;  (a)  242;  (b)  121;  (c)  10. 

(11)  Lepidoptera:  (a)  80;  {b)  67;  (f)   171. 

(12)  CoUoptera:  (a)  116;  (b)  34;  (c)  45. 

(13)  Hemiptera  and  Panorpa :  (a)  9;  (b)  3  ;  10. 

This  table  proves  clearly  that  in  Compositse  as  the  honey  becomes  more 
deeply  placed  the  visits  of  the  more  highly  specialised  bees  increase,  while,  in 
spite  of  the  exposed  situation  of  the  pollen,  the  visits  of  flies  fall  off.  This  is 
true  of  the  number  of  species  of  visitors  ;  but  if  it  were  possible  to  record  the 
number  of  visits  paid  by  each  species,  the  preponderating  influence  of  bees 
would  be  still  more  apparent.  From  these  first  stages  in  elongation  of  the 
corolla-tube  and  increase  of  bees*  visits  by  exclusion  of  short-lipped  insects,  we 
pass  by  the  most  gradual  steps  to  the  exceedingly  long  tubes  whose  honey  is 
monopolised  by  a  smaller  and  smaller  number  of  bees.  At  the  top  of  the 
series  stand  flowers  whose  tubes  are  16  to  20  mm.  long,  and  whose  honey  is  only 
accessible  to  a  few  species  of  Bombvs  and  Anthophora  (Aqmlegxa,  Delphinium, 
Pediculariif,  Lamium  maculaiuniy  etc.). 

It  would  not  be  possible  without  many  more  observations  to  classify  our 
flowers  in  a  long  series  of  groups,  each  one  restricted  to  a  smaller  circle  of  bees. 
The  length  of  the  tube  is  not  of  itself  a  measure  of  the  proboscis  necessary  to 
reach  the  honey  ;  for  often  the  mouth  of  the  flower  is  widened  to  admit  the 
insect's  head  or  even  part  of  its  body,  and  further  the  honey  often  accumulates 
to  a  considerable  depth  in  the  tube.  Such  conditions  are  illustrated  in  many 
SilenecBy  Boraginece^  ScrophulariaretF,  EricacetP,  etc. 
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Although,  from  the  peculiar  industry  of  bees,  elongatioo  of  the 
corolla-tube  is  to  be  ascribed  to  their  influence  in  the  great 
majority  of  cases,  this  is  not  the  case  always.  The  flowers  of 
Scrophularia  and  Symphoricarpus  are  just  of  the  right  size  to  admit 
a  wasp's  head ;  and  wasps  are  attracted  in  such  numbers  to  these 
flowers  by  the  abundant  honey  that  the  visits  of  other  insects  to 
which  the  honey  is  equally  accessible  are  greatly  diminished. 

Other  flowers  conceal  their  honey  in  tubes  so  long  and  narrow 
that  it  is  only  accessible  to  Lepidoptera.  Owing  to  the  small 
supply  of  food  needed  by  Lepidoptera  and  their  inferior  industry, 
such  a  condition  could  only  prove  advantageous  to  a  comparatively 
small  number  of  plants.  The  following  native  flowers  are  adapted 
for  Lepidoptera : — Diurnal  Flowers  :  Anacamptis  pyramidalis, 
species  of  Dianthus,  Lychnis  Qithago ;  Nocturnal  Flowers  : 
Gymnadenia  canopsea,  species  of  PlatantJura,  Saponaria  officinalis^  • 
Lychnis  vespertina,  Lonicera  Caprifolium  and  Z.  Pericly?n€num . 
Of  these,  the  diurnal  flowers  exclude  bees  (and  still  more,  other 
insects)  by  the  narrowness  of  their  tubes,  and  the  nocturnal  species 
by  their  length  also. 

In  many  flowers  the  mouth  of  the  corolla  closes,  and  can  be 
forced  open  by  bees  but  not  by  flies ;  the  visits  of  the  former  are 
therefore  increased  and  of  the  latter  diminished.  I  may  merely 
refer  to  the  closed  mouth  of  the  corolla  in  Antirrhinum  and 
Linuria,  to  the  closed  entrance  to  the  nectary  in  Borago,  Symphytum 
and  Salvia,  and  to  the  close-shut  flowers  of  Lathyrus  pratensis, 
Vicia  sepium,  Pisum  sativujii,  and  many  other  PapilionaceaB.  In 
many  cases  such  conditions  fail  to  exclude  the  thin  tongues  of 
Lepidoptera. 

Effect  of  Concealment  of  the  Pollen. 

Freely  exposed  pollen  is  liable  to  be  spoilt  by  rain,  devoured  by 
flies  and  beetles,  or  carried  away  by  pollen-collecting  bees.  Of 
these  contingencies  the  first  is  wholly  an  evil,  the  second  becomes 
advantageous  if  any  considerable  amount  of  pollen  is  conveyed  to 
the  stigma,  and  the  third  almost  always  results  in  fertilisation  and 
is  therefore  altogether  advantageous.  Concealment  of  the  pollen, 
as  of  the  honey,  must  have  been  brought  about  in  the  first  place  as 
a  protection  from  rain.  Since  with  this  advantage  comes  the 
disadvantage  that  the  sheltered  pollen  is  less  likely  to  be  touched 
and  placed  on  the  stigma  by  insect-visitors,  concealment  of  the 
stamens  has  not  become  general.  Many,  even  of  those  flowers 
whose  honey  is  deeply  placed  and  attainable  by  a  limited  group 
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of  visitors,  expose  their  pollen  (but  in  that  case  their  stigmas  also) 
to  short-lipped  insects,  which  then  act  as  subsidiary  fertilising 
agents  (cf.  Compositce,  Silenece,  jEscuIus,  Echium,  (Enothcra,  Lonicera^ 
etc.).  And  all  flowers  with  hidden  anthers  have  only  been  able  to 
shelter  their  pollen  from  rain  in  so  far  as  they  have  developed 
other  adaptations  for  particular  visitors,  which  compensate  for  the 
less  general  access  of  pollen-carrying  insects.  For  this  reason, 
flowers  with  hidden  pollen  afford  us  the  most  conspicuous  ex- 
amples of  adaptation  in  foim  and  in  dimensions  to  a  more  or 
less  narrow  circle  of  visitors  (cf.  Orchidece,  Iris,  Papilionacece,  some 
Boraginece,  Lahiatce,  Scrophulariacccey  Apocyncce,  Ericacetje,  etc.). 
These  adaptations  are  always  directly  concerned  in  insuring  self- 
fertilisation,  and  therefore  fall  to  be  considered  in  a  future  section. 
But  the  more  perfectly  flowers  are  adapted  for  cross-fertilisation 
by  particular  insects,  the  more  unlikely  does  it  become  that  other 
insects  visiting  the  flowers  will  effect  cross-fertilisation,  and  the  more 
will  such  visits  of  other  insects  be  useless  or  injurious  to  the  plant. 
So  concealment  of  the  pollen  is  useful  (to  a  subsidiary  degree)  in 
limiting  insect-visits,  and  this  effect  has  now  to  be  considered. 

Concealment  of  the  pollen  in  a  cone  of  apposed  anthers 
(Viola,  Borago,  Symphytum)  hinders  it  from  being  devoured  by 
flies  and  beetles,  and  renders  it  more  difficult  for  bees  to  collect  it ; 
while  honey-seeking  bees  cannot  reach  the  honey  without  causing 
the  cone  to  open  and  shed  its  pollen  on  them. 

Concealment  of  the  anthers  within  open  tubes  {Myosotis,  Vinca, 
Syringa,  etc.)  renders  it  more  difficult  for  beetles  to  devour  the 
pollen,  and  for  bees  to  collect  it ;  but  if  the  tube  is  wide  enough 
(Syringa),  the  more  highly  developed  proboscides  of  certain  Syrphidce 
can  enter  and  obtain  the  pollen,  while  narrower  tubes  (Myosotis, 
Vinca)  prevent  all  Diptera  from  feeding  on  the  pollen,  and  only 
permit  their  visitors  to  obtain  honey.  When  the  tube  containing 
the  stamens  is  closed  {Anchvsa,  Zinaria,  Antirrhinum),  all  insects 
except  bees,  Lepidoptera,  and  some  very  minute  intruders  are  shut 
out  both  from  the  honey  and  from  the  pollen.  Pendulous  flowers 
with  included  stamens  and  not  too  wide  tubes  protect  their  honey 
from  removal  by  flies  (Asparagus,  Convalluria)  or  by  other  insects 
also  (EHca,  Vaccinium)  ;  such  flowers  are  therefore  visited  mainly 
or  exclusively  by  honey-seeking  insects.  A  vaulted  structure 
sheltering  the  anthers  from  rain  (Iris,  most  Labiates),  does  not 
prevent,  but  to  a  great  extent  restricts,  the  theft  of  pollen  by 
insects ;  beetles  are  quite  unable  to  obtain  pollen  so  concealed, 
only  a  few  of  the  more  intelligent  flies,  especially  Kliingia,  and 
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rather  more  numerous  bees  can  do  so.  The  pollen  is  most  com- 
pletely protected  in  those  flowers  whose  stamens  are  completely 
shut  up  within  the  corolla  (Fumariacece,  Papilionacece,  Rhinanthus, 
Mdampyrum,  fedicularis,  Salmd),  or  whose  pollen  is  united  in 
masses  and  enclosed  in  pouches  (Asclepiadece,  Orchidew).  These 
plants  are  no  longer  able  to  have  their  pollen  transported  by 
miscellaneous  insects,  but  they  have  developed  adaptations  of  the 
most  perfect  kind  for  cross-fertilisation  by  certain  special  insects. 

The  mechanism  is  so  perfect  and  so  eflfectual  in  these  flowers 
that  cross-fertilisation  is  thoroughly  insured,  though  some  of  them 
offer  only  pollen  to  their  visitors  (Genista,  Sarothamnus),  others 
pollen  and  sap  (Cytisus),  others  sap  only  (Orchis), 

The  contrivances  that  we  have  just  reviewed  give  to  two 
divisions  of  anthophilous  insects  exclusive  or  almost  exclusive 
access  to  the  food  materials  contained  in  certain  flowers  ;  namely, 
in  most  cases  to  bees,  which,  however,  must  usually  share  their 
honey  with  the  Lepidoptera ;  and  in  relatively  few  cases  to 
.Lepidoptera,  when,  if  the  pollen  lies  exposed,  flies  may  devour 
it  and  bees  collect  it,  playing  a  subsidiary  part  in  the  work  of 
fertilisation.  But  certain  small  Diptera  which  resort  to  small  dark 
cavities  have  a  much  more  complete  monopoly  of  those  flowers 
which  furnish  them  with  such  temporary  abodes,  and  which  have 
become  adapted  for  cross-fertilisation  by  them  (AriMolochia 
Clematitis,  Arum  maculatu7u) ;  for  the  narrow  entrance  usually 
excludes  all  other  insects. 

Limitation  of  Insect-visits  by  Time  of  Flowering  and  by  Place 

of  Growth. 

It  is  obvious  that  every  species  of  flower  can  only  be  visited  and 
fertilised  by  those  insects  which  occur  at  the  time  when  the  plant 
is  in  flower,  and  in  the  stations  where  it  grows.  The  insect- 
visitors  of  a  plant  are  therefore  limited  by  the  season  and  by  the 
time  of  day  when  it  flowers,  by  its  geographical  distribution,  and 
by  the  nature  of  its  habitat. 

We  may  assume,  furthermore,  with  Delpino  (175  a),  that  the 
geographical  range  of  many  flowers  finds  its  limit  where  insects 
suitable  for  their  fertilisation  begin  to  fail.  But  the  particular 
cases  which  Delpino  adduces  to  support  this  view  are,  in  part, 
based  on  insufficient  observations.^     Our  stock  of  observations  is 

^  Thus  Delpino  supposes  that  the  geographical  range  of  Roses  is  determined  by 
the  occurrence  of  Cetonice  and  Olaphyrid<B  (175  a,  p.  18),  and  i\\?ii  Epilohiuni  and 
Myoaotis  are  exclusively  fertilised  by  bees  (p.  IP).  My  lists  contradict  both  of  these 
assumptions. 
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as  yet  also  insufficient  to  show  us  how  the  circle  of  visitors  to 
any  particular  plant  is  determined  by  the  time  of  flowering,  the 
nature  of  the  locality,  the  competition  of  other  flowers,  and  the 
peculiarities  of  structure  in  the  flower  itself. 

It  is  obvious  that  flowers  which  only  expand  at  night  are 
thereby  protected  from  the  visits  of  all  merely  diurnal  insects, 
but  among  our  native  flowers  we  have  scarcely  a  distinct  example 
of  this  condition.  Of  the  flowers  mentioned  above  as  adapted  for 
hawk-moths  and  nocturnal  Lepidoptera,  Lychnis  vespertina  expands 
in  the  evening,  without,  however,  being  completely  closed  by  day ; 
while  the  others  exclude  diurnal  insects  from  their  honey  only  by 
their  long,  narrow  tubes,  and  specially  attract  hawk-moths  and 
night-flying  Lepidoptera  by  their  colour,  and  by  exhaling  their 
odour  most  powerfully  at  night. 

2.    STRUCTURAL   CHARACTERS  WHICH   AID   IN   FERTILISATION. 

Adaptive  Modifications  of  the  Pollen  and  Stigma, 

All  the  characters  of  flowers  so  far  discussed  can  only  be  of 
advantage  to  the  plant  in  so  much  as  they  contribute  indirectly  to 
the  conveyance  of  pollen  by  insect-visitors  to  the  stigmas  of  other 
flowers.  But  this  result  is  only  possible  if  the  pollen  is  of  such  a 
nature  as  to  adhere  to  the  insect,  and  if  the  stigma  is  fitted  to 
remove  it  from  the  insect  in  turn. 

While  in  anemophilous  plants  the  pollen  consists  very  generally 
of  loose,  smooth,  and  easily  scattered  grains,  in  entomophilous 
flowers  it  presents  a  great  variety  of  characters,  all  such  as  to  enable 
it  to  adhere  to  the  bodies  of  insect-visitors ;  and  in  all  cases  the 
nature  of  the  stigma  stands  in  the  closest  relation  to  the  nature 
of  the  pollen,  and  the  stigma  is  always  fitted  for  attaching  the 
pollen  to  itself  by  a  viscid  surface  or  by  projecting  papillae. 
In  flowers  furnished  with  a  contrivance  for  scattering  their  pollen 
(several  Scrophvlariacem,  JEt'icace^,  etc.)  the  pollen  is  usually 
smooth  and  loose  as  in  anemophilous  plants ;  but  it  is  inclosed  in 
receptacles  from  which  it  is  dislodged  by  a  touch  of  the  insect, 
and  it  is  often  directed  in  its  fall  by  special  hairs.  In  Sijringa 
and  Symphoricarpus  the  insect's  head  or  proboscis  is  first  moistened 
with  honey,  to  which  the  pollen  then  adheres;  in  Vinca  and 
Polygala  viscid  matter  is  secreted  by  the  stigma,  and  in  Bryonia, 
Ma7*nchium,  Sideritis,  etc.,  by  spherical  cells  of  the  anthers,  and 
fulfils  the  same  function.    In  the  great  majority  of  cases,  that  is  tq 
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say  in  all  generally  accessible  flowers,  the  pollen  is  rough  or  viscid, 
so  that  it  adheres  readily  to  the  usually  hairy  surfaces  of  insect- 
visitors.  In  Cypripedium  it  forms  a  sticky  mass,  which  adheres  to 
the  insect  as  it  forces  its  way  underneath,  and  which  is  afterwards 
removed  by  the  rough  stigmatic  surface  of  the  next  flower.  In 
Orchis  it  coheres  in  little  packets  which  are  united  into  *'  pollinia  " 
or  "pollen-masses"  by  elastic  threads,  and  the  whole  pollen- 
mass  attaches  itself  by  a  special  cement  to  the  insect-visitor; 
the  stigma  is  sticky  enough  to  cause  the  little  packets  of  pollen 
which  come  in  contact  with  it  to  adhere  firmly,  so  that  as  the 
insect  moves  away  the  elastic  threads  are  broken  through.  In 
Asclepias  all  the  pollen-grains  in  an  anther-lobe  cohere  to  form 
a  flattened  mass,  which  becomes  attached  by  its  *'  corpusculum  " 
to  an  insect's  claw,  and  is  inserted  through  a  narrow  slit  into 
the  stigmatic  chamber  of  another  flower,  and  is  torn  away  and 
left  there. 

The  size  of  the  pollen-grains  also  varies  in  relation  to  the 
length  of  the  style  which  the  pollen-tubes  must  traverse,  as  is  seen 
in  the  varying  size  of  pollen-grains  from  the  different  whorls  of 
anthers  in  dimorphic  and  trimorphic  plants  (cf.  Lythrnni). 

Characters  ichich  insure  Cross- Fertilisation  in  atse-  of  Insect-  Visits 
and  Self- Fertilisation  in  Absence  of  Insects, 

If  the  adaptations  of  flowers  to  insect- visits  are  really  due  to 
the  cross-fertilisation  induced  by  the  visitors,  all  characters  which 
render  cross-fertilisation  inevitable  in  case  of  insect-visits,  and 
which  render  self-fertilisation  impossible,  must  be  of  special  advan- 
tage to  the  plant ;  but  only  so  far  as  insect-visits  occur  in  suflHcient 
abundance  to  insure  cross-fertilisation.  If  this  condition  is  not 
regularly  fulfilled,  it  is  obviously  much  better  for  the  plant 
to  have  the  power  of  reproducing  itself  by  self-fertilisation 
while  leaving  only  a  possibility  of  cross-fertilisation  in  case  of 
insect-visits  than  to  be  cross-fertilised  with  absolute  certainty  when 
insect-visits  occur,  but  to  be  not  fertilised  at  all  in  absence  of 
insects.  This  is  the  simple  explanation  of  the  law  already  laid 
down,  that  *'  When  closely-allied  flowers,  alike  in  other  respects 
in  structure,  differ  in  the  abundance  of  their  insect- visits,  and  at 
the  same  time  in  the  degree  to  which  cross-fertilisation  is  insured 
in  case  of  insect-visits  and  self-fertilisation  in  absence  of  insects, 
then  under  otherwise  similar  conditions  those  flowers  which  are 
most  visited  are  those  in  which  cross-fertilisation  is  best  insured,  and 
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those  which  are  least  visited  are  those  in  which  self-fertilisation 
is  best  insured.! 

The  comparative  merits  of  cross-fertilisation  and  self-fertilisation 
can  only  be  rightly  considered  when  the  actual  insect-visits  that  the 
plant  receives  are  taken  into  account ;  and  only  the  utter  neglect 
of  this  precaution  can  explain  how  Hildebrand  and  Axell  came 
to  directly  opposite  estimates  of  the  value  of  the  two  modes  of 
fertilisation.  For  Hildebrand  in  his  Geschlechtervertheilung  ar- 
ranges the  me«hanisms  of  flowers  according  as  they  hinder  self- 
fertilisation,  and  seems  to  consider  those  the  most  perfect  in  which 
self- fertilisation  is  least  possible ;  while  Axell  tries  to  show  that 
the  highest  and  most  perfect  Phanerogams  are  those  which 
regularly  fertilise  themselves.^ 

Both  views  are  only  partially  correct ;  the  truth  lies  between 
them.  The  law,  proved  by  general  considerations  in  the  Introduc- 
tion and  by  many  detailed  facts  in  the  third  section  of  this  book, 
that  cross-fertilisation  is  better  for  a  plant  than  self-fertilisation, 
but  that  self-fertilisation  is  infinitely  better  than  no  fertilisation  at 
all  and  consequent  sterility,  must  modify  essentially  Hildebrand's 
conception  of  a  law  of  the  avoidance  of  self-fertilisation.  And  it  is 
evident  at  once  that  Axell's  idea  of  a  single  path  towards  perfection 
in  the  evolution  of  Phanerogamic  flowers  is  altogether  untenable 
when  we  review  the  insurance  of  cross-  and  self- fertilisation  in 
connection  with  the  insurance  of  insect-visits. 

The  oldest  Phanerogamic  flowers  which  adapted  themselves 
for  the  transport  of  their  pollen  by  insect-agency  certainly  pos- 
sessed those  characters  by  which  insects  are  mainly  attracted — 
namely,  conspicuousness,  perfume,  and  honey — to  so  small  an 
extent  that  as  a  rule  their  insect-visitors  were  not  numerous 
enough  to  insure  cross-fertilisation.  Under  these  conditions  it 
must  have  been  advantageous  for  the  organs  of  both  sexes  to  be 
united  within  one  flower  so  as  to  admit  the  possibility  of  self- 
fertilisation.  In  accordance  with  this  is  the  fact  that  while  the 
Gymnosperms  have  diclinic  anemophilous  flowers,  the  great 
majority  of  entomophilous  Phanerogams  are  monoclinic. 

But  as  soon  as  in  any  entomophilous  plant  increased  conspicu- 
ousness, or  perfume,  or  food-supply  had  so  far  multiplied  insect- 
visits  that  cross-fertilisation  took  place  regularly  and  the  possibility 
of  self-fertilisation  became  quite  useless,  then  the  possibility  of 

^  Compare  Khinanthus,  Lysimachia,  Euphrasia  officinalis,  Kosa,  Rubus,  Epilobium, 
Geranium,  Malva,  Polygonum,  Stcllaria,  Cerasiium,  Veronica,  Hicracium,  Senecio,  etc 
«  Cf.  "Historical  Introduction,"  pp.  12,  20. 
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self-fertilisation  could  be  dispensed  with,  and  has  actually  in  very 
many  cases  been  lost.  Such  a  result  has  taken  place  in  the  most 
diverse  \^ays,  sometimes  by  dichogamy,  sometimes  by  the  position 
of  the  parts  in  the  flower,  sometimes  by  reversion  to  the  diclinic 
condition.  Asparagus  officinalis,  Ribes  alpinum,  Rhus  Cotinus, 
Lychnis  vespertina,  &c.,  are  undoubted  instances  of  plants  which 
have  reverted  or  are  reverting  from  the  hermaphrodite  to  the 
diclinic  condition. 

So  when  insect-visits  were  comparatively  few  it  was  a  step 
towards  perfection  for  entomophilous  diclinic  plants  to  become 
monoclinic ;  but  when  cross-fertilisation  was  insured  by  sufficient 
insect-visits  the  reverse  transition  was  advantageous.  So  is  it 
with  all  other  characters  which  insure  cross-fertilisation  or  self- 
fertilisation.  Dichogamy  is  so  general  a  feature  throughout 
whole  genera  and  orders,  that  it  is  scarcely  possible  to  doubt  that 
it  has  been  inherited  as  an  advantageous  character  from  the 
common  ancestors  of  these  genera  or  orders;  but  the  least  con- 
spicuous and  least  visited  species  in  these  groups  have  reverted  to 
self-fertilisation,  and  in  their  case  this  reversed  progress  has  been 
a  step  towards  perfection  (cf.  Senecio  vulgaris,  Malva  rotundt/olia, 
the  smaller  species  of  Geranium,  Stellaria  media,  etc.).  In 
Rhinanthv^  orista-galli  cross-fertilisation  in  the  event  of  sufficient 
insect-visits  is  insured  by  the  distance  of  the  stigma  and  anthers 
from  one  another,  and  the  style  is  elongated  so  that  its  stigma 
must  be  touched  by  insect-visitors ;  but  in  the  less  conspicuous 
variety  the  tip  of  the  style  curves  backwards  so  far  that  self- 
fertilisation  ensues  without  fail.  It  is  needless  to  cite  more  of 
the  instances  already  discussed,  in  which  little- visited  varieties, 
species,  or  genera  fertilise  themselves  regularly,  while  closely-allied 
forms,  more  abundantly  visited,  have  been  able  to  dispense  with 
the  possibility  of  spontaneous  self-fertilisation. 

In  my  opinion,  if  we  must  describe  in  general  terms  the  grades 
of  perfection  in  floral  mechanisms,  we  can  only  call  those  specially 
perfect  which  fulfil  their  purpose  in  the  life  of  the  plant  specially 
.  well ;  that  is  to  say,  which  under  existing  conditions  insure  the 
sexual  reproduction  of  the  species  with  particular  success.  We 
cannot  admit  that  either  the  insurance  of  cross- fertilisation  in  case 
of  insect- visits,  or  the  unfailing  occurrence  of  self-pollination,  is  in 
itself  a  measure  of  perfection  in  the  mechanism  of  a  flower ;  for 
both  among  plants  which  regularly  pollinate  themselves  and 
among  those  in  which  spontaneous  self-pollination  is  impossible 
we  find  numerous  species  which  prove  by  their  great  abundance 
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how  perfect  is  their  structure.  Senecio  vulgaris,  Veronica 
liederayfolia,  Stellaria  media,  Lamium  purpureum  are  examples  of 
the  one  condition,  and  Pedicularis  silvaiica,  Malva  silvestris,  and 
Echium  vulgare  of  the  other.  It  must  by  no  means  be  supposed 
that  all  floral  mechanisms  are  equal ;  in  many  flowers  distinct 
imperfections  have  already  been  pointed  out  {Posoqueria  fragrans, 
Faramea,  Malva  silvestris,  Euphrasia  OdorUites,  Oeum  rivale, 
etc.).  There  are  also  species  which,  after  abandoning  the  power  of 
self-fertilisation,  have  suflfered  so  from  the  competition  of  other 
flowers  that  they  obtain  very  few  insect- visits  (e.g.,  Ophrys 
imisdfera).  Such  instances  prove  still  more  forcibly  that  the 
uniform  perfection  which  Axell  supposes  to  exist  in  Nature  has 
no  real  existence. 

It  may  be  urged  that  Axell  proceeds  from  a  totally  different 
conception  of  perfection ;  for  he  looks  upon  every  economy  of 
space,  time,  and  material  as  a  step  towards  perfection ;  and  he 
must  therefore  look  upon  the  reversion  of  monoclinic  flowers  to 
dicliny,  or  the  passage  of  homogamic  flowers  to  dichogamy,  as 
retrograde  even  when  those  changes  are  of  distinct  advantage  for 
the  sexual  propagation  of  the  plant.  But  such  a  definition  of 
perfection  is  unnatural. 

But  even  apart  from  any  definition  of  perfection  in  a  floral 
mechanism,  nothing  can  be  more  unnatural  than  to  assert  that 
there  is  only  one  course  of  evolution  or  only  one  path  towards 
perfection  in  the  structure  of  flowers. 

As  in  regard  to  conspicuousness,  odour,  or  production  and 
concealment  of  food  material,  so  also  in  favouring  or  insuring 
cross-fertilisation,  there  is  an  infinite  variety  of  means  to  the 
end.  In  flowers  which  receive  abundant  insect-visits  cross-fertilisa- 
tion has  been  insured  sometimes  by  reversion  to  dicliny,  sometimes 
by  dichogamy,  sometimes  by  distant  separation  of  the  stigma  and 
pollen  in  the  flower,  sometimes  by  a  special  mechanism  causing 
the  pollen  to  adhere  to  the  insect  and  afterwards  to  the  stigma  of 
the  next  flower.  Dichogamy,  though  usually  proterandrous,  is 
proterogynous  even  in  many  entomophilous  flowers  (Aristolochia, 
Eiioiiymus,  many  Rosacea^),  in  spite  of  Axell's  statement  to  the 
contrary.  The  separation  in  space  of  the  essential  organs  may 
be  of  the  same  kind  in  all  the  flowers  of  a  species,  or  the  relations 
of  the  parts  may  be  different  in  different  flowers ;  but  in  all  cases 
the  relative  positions  of  the  parts  are  closely  connected  with  in- 
sects visits.  In  the  former  case,  when  all  the  flowers  are  alike, 
cross-fertilisation  is  insured  either  if  the  same  part  of  the  insect 
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visitor  always  comes  in  contact  first  with  the  stigma  and  after- 
wards with  the  anthers  {Antlierieum,  Convallaria  majalis,  Lonicera 
Caprifolium,  many  Labiatae,  etc.),  or  if  in  each  flower  any  part 
of  the  proboscis,  body,  or  head  of  the  insect  touches  the  stigma 
while  at  the  same  time  the  opposite  side  touches  the  anthers 
{Myosotis,  Omphalodes,  Ribes  nigrum,.  Berberis,  Crudferce,  etc.). 
When  the  flowers  are  not  all  alike,  that  is  to  say  in  dimorphic 
(Primula,  Hottonia,  PulTnonaria,  Polygonum  fagopyrum)  or  tri- 
morphic  (Lythrum)  plants,  cross-fertilisation  is  insured  if  the  insects 
touch  the  anthers  and  stigma  with  different  parts  of  their  bodies, 
but  touch  the  stigma  with  that  part  which  touched  the  anthers  in 
a  previous  flower. 

The  mechanisms  for  applying  pollen  to  a  particular  part  of  the 
insect  are  astonishingly  various ;  from  the  nature  of  the  case  they 
can  be  the  more  easily  attained  the  more  the  circle  of  visitors  is 
restricted  to  a  few  definite  forms  by  concealment  of  the  honey. 
As  examples  of  these  multitudinous  arrangements  we  may  recall 
the  flowers  of  EricaceaB,  Scrophulariacese,  Boragineae,  and  Galanthns, 
in  which  pollen  is  sifted  on  to  the  insect ;  the  infinite  number  of 
devices  in  Orchidese ;  and  the  somewhat  similar  mechanism  of 
Asclepiadacese ;  the  flowers  of  Papilionaceae,  Fumariacese,  and 
of  Lopczia,  in  all  of  which  the  insect  involuntarily  opens  the 
pollen-receptacle  and  dusts  itself  ventrally  with  pollen;  Salvia, 
in  which  the  mechanism  is  reversed  and  the  insect's  back  receives 
the  pollen ;  lastly,  the  simple  device  of  the  flexible  stamens  in 
Veronica  Chairuedrys  and  Circwa, 

The  mechanisms  which  have  been  discussed  in  this  book  are 
only  an  infinitesimal  fraction  of  the  vast  variety  that  exists.  They 
arose  quite  independently  and  at  various  times  in  the  various 
divisions  of  those  Phanerogams  which  had  become  entomophilous 
and  monoclinic.^  They  have  in  general  become  developed  only 
where  increasing  conspicuousness  and  a  large  supply  of  food  material 
attracted  so  many  insects  that  the  capability  for  self-fertilisation  be- 
came unnecessary ;  on  the  other  hand,  where  insect-visits  remained 
few,  the  power  of  self-fertilisation  (which  began  with  the  appearance 
of  hermaphroditism)  was  retained.     Where  cross-fertilisation  that 

^  The  mechanisms  for  insuring  cross-fertilisation  in  Umbelliferae  and  in  Com- 
posite have  been  inherited  from  toe  ancestors  of  the  order ;  those  in  the  various 
species  of  Jquilegia,  Delphinium,  Linaria,  and  Pedicularis,  from  the  ancestor  of  the 
genus ;  those  in  Polygonum  fagopyrum,  P.  Bistorta,  and  Lonicera  Caprifolium,  from 
the  ancestor  of  the  species  ;  while  the  diflerent  forms  of  flowers  in  HhinajUhtis  crista- 
galli,  Veronica  spiaUa,  Odontites  serotina,  .Euphrasia  officinalis,  and  Lyinmachia 
vulgaris,  give  us  examples  of  various  floralcharacters  being  evolved  within  the  bounds 
of  one  and  the  same  species. 
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had  once  been  insured  becomes  uncertain  owing  to  the  competition 
of  other  flowers  (e,g,  Malva  rotundifolia,  species  of  Geranium),  or 
owing  to  the  unfavourable  locality  (cf.  Lysimdchia  nemorum)  or 
unfavourable  weather  (cf.  Veronica  Beccahunga),  the  mechanisms  of 
the  flowers  have  in  many  cases  undergone  a  change  such  as  to 
render  self-fertilisation  again  possible ;  in  a  few  cases  reversion  to 
anemophily  has  taken  place  (Artemisiaceae,  Thalictrum),  As 
examples  of  the  countless  ways  in  which  plants  revert  to  self- 
fertilisation  in  default  of  sufficient  insect-visits,  I  may  mention  the 
following : — In  some  dichogamic  flowers  the  stigmas  curl  back  upon 
the  anthers  or  other  parts  which  still  retain  some  pollen  (Stellaria 
graminea,  Malva  rotundifolia,  species  of  Geranium,  Compositae) ; 
the  stigmas  sometimes  curl  back  till  they  come  in  the  line  of  fall  of 
the  pollen  [Mclampyrum  pratcnse)  or  even  place  themselves  between 
the  anthers  (Ilhinanfhus  minor) ;  anthers  which  stand  in  a  ring 
round  the  stigma  may,  in  default  of  sufficient  insect-visits,  con- 
verge above  the  stigma,  applying  their  pollen  to  it  {Myosotis, 
Lithmpermum,  Cruciferai) ;  even  mechanisms  which  eff'ect  cross- 
fertilisation  with  astonishing  precision  in  case  of  insect-visits  are 
not  unfrequently  transformed  so  as  to  render  self-fertilisation 
inevitable  when  insect-visits  are  few  (cei-tain  Orchidese,  Fuma- 
riaceae,  Sahia);  or  the  production  of  cleistogamic,  self-fertilised 
flowers  may  compensate  for  the  loss  of  the  power  of  self- fertilisation 
in  the  ordinary  flowers  (  Viola). 

Unlike  Axell,  who  brings  his  book  to  a  conclusion  by  saying 
**  We  see  thus  that  the  development  of  mechanisms  for  fertilisation 
in  Phanerogams  has  gone  on  and  still  goes  on  in  the  same 
direction,"  ^  I  should  say :  The  dependence  of  entomophilous  flowers 
on  guests  so  infinitely  various  in  habits,  tastes,  and  numbers,  in 
their  food  and  in  the  means  of  obtaining  it,  must  have  rendered 
possible  not  one  but  countless  paths  towards  perfection,  paths 
leading  not  always  forwards  but  sometimes  backwards ;  and  only  in 
such  a  way  could  the  infinite  variety  of  existing  flowers  have 
come  into  existence. 

My  brother  Fritz  Muller  has  sent  me  the  following  instances 
of  the  general  principle  that  whenever  in  a  variable  species 
selection  occurs  in  a  definite  way,  then  that  selection,  apart  from 
other  relations,  will  lead  to  a  continued  increase  of  the  variation 
in  the  same  direction  from  generation  to  generation  : — 

^  "  Vi  ansa  saledes,  att  utvecklingen  i  anordningarna  for  konens  i<5rening  hoa  de 
fanerogama  vaxtema  fortg&tt  och  fortg&r  i  nammda  riktniug." — Ko.  17,  p.  95. 
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**(1)  In  maize  cultivated  at  Itajaliy,  the  grains  stand  for  tlie  most  part  in 
twelve  or  fourteen  rows,  not  unfrequently  in  ten,  rarely  in  eiglit  or  sixteen,  and 
very  rarely  in  eighteen  rows.  In  more  than  100  ears  which  I  bought  for 
Bowing  in  1867  I  found  only  one  of  eighteen  rows.  This  ear  produced  next  year 
205  ears,  among  which  were  twenty-two  with  eighteen  rows,  besides  one  which 
had  eighteen  rows  in  the  upper  part  and  twenty  in  the  lower,  and  one  which 
had  eighteen  at  the  top,  twenty  in  the  middle,  and  twenty-two  at  the  bottom. 
Next  year,  1868-69, 1  had  460  ears  obtained  from  seeds  out  of  ears  with  eighteen 
rows  ;  and  of  these  460,  18*2  per  cent,  bore  eighteen  rows,  4*4  per  c^ut.  bore 
twenty,  and  '2  per  cent,  bore  twenty-two.  In  the  following  year,  among  ears 
obtained  from  seed  out  of  ears  bearing  twenty-two  rows,  one  ear  occurred 
which  bore  twenty-six  rows. 

"  (2)  In  an  Abutilon  from  Capivary  the  normal  number  of  styles  is  ten.  A 
seedling  obtained  from  a  Howcr  with  nine  styles  had,  among  100  flowers,  two 
with  seven  styles,  and  twenty-seven  with  eight ;  while  in  100  flowers  upon  the 
mother-plant  there  were  only  three  with  eight,  and  none  witli  seven  styles. 

"  (3)  In  Abutilon  there  occur  sometimes,  but  very  rarely  in  most  species, 
flowers  witli  six  petals. 

"  From  seed  obtained  from  an  hexamerous  flower  of  the  hybrid  EFy^  fertilised 
with  pollen  from  a  pentamerous  flower  of  the  variety  jP,  a  plant  was  reared 
{EF,F)  which  I  watched  for  three  weeks  (August  17  to  September  6,  1869) 
counting  the  petals  upon  all  the  flowers  that  appeared  on  it  It  bore  in  the 
three  weeks  : — 

Flowers  with  5  petals        ....         145 
Ditto         „    6      „  ....        103 

Ditto         ,,     7      „  ....  13 

"  At  the  same  time  I  watched  another  plant  descended  from  pentameroui 
parents  of  the  same  varieties  as  those  of  the  former  (but  obtained  by  pollen  of 
the  hybrid  EF  applied  to  the  stigma  of  the  pure  species  F),  It  bore  in  the 
three  weeks : — 

Flowers  with  5  petals        ....        454 
Ditto         »»     6      „  .        .        ,        .  6 

Ditto         M     7      „  ....  0 

"  The  simplest  explanation  of  these  facts  seems  to  be,  that  each  species  has 
the  property  of  varying  within  a  certain  amount :  crossing  of  different  in- 
dividuals so  long  as  no  selection  is  made  in  a  definite  direction,  suffices  to  keep 
the  middle  point  fairly  constant,  about  which  the  variations  oscillate  ;  and  so 
the  extremes  also  remain  constant.  But  if  the  tendency  to  vary  in  either 
direction  is  aided  by  natural  or  artificial  selection,  then  our  middle  point  is  as 
it  were  shifted  to  that  side  and  ^the  extremes  of  oscillation  are  also  shifted 
towards  the  same  side." 


Since  the  first  appearance  of  this  work  (1873)  I  have  discussed 
in  a  series  of  essays  the  question  of  the  Origin  of  Flowers  and  the 

^  E  indicates  the  Abutilon  called  Emhira  brajiea  by  the  Brazilians  ;  J^,  an 
Abutilon  from  Pociuho  (see  No.  557) ;  EF  implies  the  hybrid  produced  by  polleii  of 
F  applied  to  the  stigma  of  E. 
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gradual  attainment  of  their  special  characters.  I  may  now  close 
this  book  with  a  summary  of  my  chief  conclusions.  The  good  effect 
of  cross-fertilisation  may  be  recognised  not  only  in  the  structure  of 
insect-fertilised  flowers,  but  also  in  the  water-fertilised  and  wind- 
fertilised  plants  which  preceded  them.  Even  in  the  lowest  algae  we 
find  cross-fertilisation,  to  effect  which  two  individuals  move  towards 
each  other  in  the  water  by  means  of  a  )cilium.  In  a  higher  grade  we 
find  the  two  individuals  differentiated,  one  losing  its  motility,  and 
increasing  in  size  to  form  an  ovum,  while  the  other  (sperm-cell 
or  antherozooid)  retaining  its  primitive  motile  form  swims  about  in 
quest  of  the  ovum.  This  mode  of  cross-fertilisation  is  retained  not 
only  by  all  cellular  cryptogams  (except  the  Floridece  or  red  sea- 
weeds, whose  tailless  antherozooids  are  moved  passively  in  the 
current)  but  also  by  all  vascular  cryptogams.  With  the  change  to 
dry  localities,  where  even  occasional  moisture  sufficient  for  the 
migration  of  the  antherozooids  is  not  attainable,  the  vascular 
cryptogams  seem  to  have  developed  wind-fertilised  unisexual 
flowers ;  thus,  first  the  Gymnosperms,  and  from  these  afterwards 
the  Angiosperms  have  arisen. 

Finally  from  the  wind-fertilised  Angiosperms,  entomophilous 
flowers  arose,  as  insects  came  first  accidentally  and  afterwards 
regularly  to  seek  their  food  on  flowers,  and  as  natural  selection 
fostered  and  perfected  every  change  which  favoured  insect- visits 
and  thereby  aided  cross-fertilisation.  With  the  transition  to 
insect-fertilisation  came,  on  the  one  hand,  great  economy  of  pollen, 
but,  on  the  other  hand,  the  uncertainty  of  insect-visits  made  it  as 
a  rule  necessary  that  self-fertilisation  should  remain  possible. 
Thus,  though  descended  from  unisexual  (anemophilous)  ancestors, 
entomophilous  flowers  are  usually  hermaphrodite,  and  are  capable 
to  a  great  extent  of  fertilising  themselves  when  insect-visits  fail. 
But  in  the  course  of  further  development,  many  of  them  have  so 
increased  their  means  of  attracting  insects  (by  colour,  perfume, 
honey,  etc.),  that  the  power  of  spontaneous  self-fertilisation  has 
become  superfluous  and  finally  has  been  lost. 

Insects  in  cross-fertilising  flowers  endow  them  with  offspring 
which  in  the  struggle  for  existence  vanquish  those  individuals  of 
the  same  species  which  are  the  offspring  of  self-fertilisation.  The 
insects  must  therefore  operate  by  selection  in  the  same  way  as  do 
unscientific  cultivators  among  men,  who  preserve  the  most  pleasing 
or  most  useful  specimens,  and  reject  or  neglect  the  others.  In 
both  cases,  selection  in  course  of  time  brings  those  variations  to 
pei*fection  which  correspond  to  the  taste  or  to  the  Deeds  of  the 

Q  Q 
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selective  agent.  Different  groups  of  insects,  according  to  tbeir 
sense  of  taste  or  colour,  the  length  of  their  tongues,  their  way 
of  movement  and  their  dexterity,  have  produced  various  odours, 
colours,  and  forms  of  flowers ;  and  insects  and  flowers  have 
progressed  together  towards- perfection. 

The  transition  from  wind-fertilisation  to  insect-fertilisation  and 
the  first  traces  of  adaptation  to  insects,  could  only  be  due  to 
the  influence  of  quite  short-lipped  insects  with  feebly  developed 
colour-sense.  The  most  primitive  flowers  are  therefore  for  the 
most  part  (except,  for  instance,  Salix)  simple,  widely  open,  regular, 
devoid  of  honey  or  with  their  honey  unconcealed  and  easily 
accessible,  and  white  or  yellow  in  colour  (e.g.  most  UmbeUiferce  and 
Atsinecc,  many  BanunctUacece  and  Bosacece. 

The  carrion-loving  Flies  were  from  the  first  marked  out  by 
their  peculiar  tastes  to  produce  certain  peculiar  flowers.  Preferring 
those  colours  and  odours  which  guided  them  to  their  primitive 
food,  they  produced,  wherever  they  got  special  influence,  dull, 
yellowish,  or  dark-purple  colours,  often  accompanied  with  a  putrid 
smell.  The  stupidity  of  flies  also  favoured  the  production  of  cer- 
tain contrivances  to  insure  crossing,  e.g,  the  prison-flowers  of  Arum 
and  Aristolochia,  the  traps  of  PinguictUa  alpina,  Cynanchum,  and 
Stapelia,  or  the  deceptions  of  Paris,  Ophrys,  and  Pamassia, 

Gradually,  from  the  miscellaneous  lot  of  flower-visiting  insects, 
all  much  alike  in  their  tastes,  there  arose  others  more  skilful  and 
intelligent,  with  longer  tongues  and  acuter  colour-sense;  and  they 
gradually  caused  the  production  of  flowers  with  more  varied 
colours,  honey  invisible  to  or  beyond  the  reach  of  the  less  intel- 
ligent short-tongued  guests,  and  various  contrivances  for  lodging, 
protecting,  and  pointing  out  the  honey. 

Lepidoptera,  by  the  thinness,  sometimes  (Sphingidw)  by  the 
length  of  their  tongues,  were  able  to  produce  special  modifications. 
Through  their  agency  were  developed  flowers  with  long  and  narrow 
tubes,  whose  colours  and  time  of  opening  were  in  relation  to  the 
tastes  and  habits  of  their  visitors.  We  may  thus  distinguish  flowers 
adapted  for  butterflies  {Dianthus  deltoides  and  many  Silenecc),  or  for 
moths  (PlutantJiera) ;  for  diurnal  hawk-moths  (Gcntiana  havarica, 
G.  verna),  for  nocturnal  hawk-moths  {Lonicera  Caprifolium) ;  and 
intermediate  stages  {eg,.  Crocus  vemus).  The  acute  sense  of  smell 
in  Lepidoptera  reveals  itself  in  the  aromatic  scent  of  Pinks, 
Nigritella,  Daphne  striata,  etc.,  and  the  colour-sense  of  butterflies 
is  shown  in  the  flowers,  usually  red  and  prettily  marked,  which 
are  due  to  them. 
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The  Ichneumonidce  at  firat  surpassed  all  other  visitors  in  obser- 
vation and  discernment,  and  they  were  thus  able  to  produce 
inconspicuous  flowers  which  escaped  the  notice  of  other  visitors. 
On  the  appearance  of  sand-wasps  and  bees  these  inconspicuous 
flowers  were  banished  by  comi3etition  to  the  less  frequented 
localities  (e.g.,  Listera  to  shady  woods). 

The  Sand-wasps  (Sphegidce)  apparently  took  the  place  to  a 
great  extent  of  the  Ichneumons,  and  produced  flowers  where 
organs  had  to  be  thrust  apart  (Papilionaceae),  or  where  a  narrow 
cavity  had  to  be  entered  (Labiatae),  or  where  some  other  action 
similar  to  the  act  of  digging  had  to  be  performed.  Subsequently 
bees  seem  to  have  entered  on  joint  possession  of  most  of  these 
flowers,  and  to  have  added  special  adaptations  of  their  own. 

The  true  Wasps  ( Vespidce)  could  establish  themselves  by  the 
fear  of  their  sting  (and  of  their  jaws)  in  sole  possession  of  certain 
flowers  with  wide  open  mouths  and  abundant  honey.  These  they 
developed  farther  in  relation  to  their  wants  {Scrophularia,  Sym- 
phorica'rpus,  Epipactis  laiifolia,  Lonicera  alpigena);  but  where 
wasps  are  scarce  the  flowers  are  utilised  by  other  insects. 

Bees  (Apidce),  as  the  most  skilful  and  diligent  visitors,  hav6 
played  the  chief  part  in  the  evolution  of  flowers;  we  owe  to 
them  the  most  numerous,  most  varied,  and  most  specialised  forms. 
Flowers  adapted  for  bees  probably  surpass  all  others  together  in 
variety  of  colour.  The  most  specialised,  and  especially  the  gre- 
garious bees,  have  produced  great  differentiations  in  colour,  which 
enable  them,  on  their  journeys,  to  keep  to  a  single  species  of  flower. 
While  those  flowers  which  are  fitted  for  a  miscellaneous  lot  of 
short-lipped  insects  usually  exhibit  similar  colours  (especially 
white  or  yellow)  over  a  range  of  several  allied  species,  the  most 
closely  allied  species  growing  in  the  same  locality,  when  adapted 
for  bees,  are  usually  of  different  colours  and  can  thereby  be 
recognised  at  a  glance  (e.g.,  Trifolium,  Lamium,  Teti^rium, 
Pedicularis), 

Some  Drone-flies  (Syrphidce)  also,  which  admire  bright  colours 
and  are  themselves  brightly  adorned  (Ascia,  Melanostoma, 
iipheginay  etc.),  have  produced  special  flowers  suited  to  their 
tastes,  which  they  mainly  fertilise  {Saxifraga  rotundi/olia,  S. 
unihrosa,  etc.) ;  sometimes  we  even  find  a  special  and  simple 
mechanism  adapted  for  them  (  Veronica  Chamcedrys). 

The  power  to  distinguish  red,  violet,  and  blue  colours  must 
have  been  acquired  to  a  certain  degree  by  flesh-flies  and  carrion- 
flies  in  seeking  their  natural  food ;   but  in  other  flower-loving 

Q  Q  2 
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insects  this  power  seems  only  to  have  arisen  with  the  habit  of 
visiting  flowers,  and  to  have  increased  pari  passic  with  the  taste 
for  flowers  and  with  the  length  of  the  proboscis.  On  the  whole 
we  find  red,  violet,  and  blue  colours  appearing  for  the  first  time 
in  flowers  whose  honey  is  quite  concealed  and  which  are  visited 
by  more  or  less  long-tongued  insects  (bees,  long-tongued  flies, 
Lepidoptera),  or  else  in  flowers  visited  for  the  sake  of  their  pollen 
chiefly  by  bees  and  drone-flies  {ffepatica  triloba,  Verhctscum 
pfujsniceicm). 

The  forms,  colours,  and  odours  of  the  flowers  in  a  particular 
region  must  depend  in  the  closest  manner  upon  the  insect  fauna 
of  the  region,  and  especially  upon  the  relative  abundance  in  it  of 
the  various  classes  of  insects.  This  conclusion  is  in  complete 
accordance  with  the  following  comparison  of  my  observations  on 
the  Alps  and  in  North  Germany.  On  the  Alps,  Hymenoptera  and 
especially  bees  are  relatively  much  less  numerous  and  Lepidoptera 
much  more  numerous  than  in  Low  Germany. 

I  have  observed  upon  flowers : — 


1.   In  Low  OCRMAlTT. 

2.  On  thb  Alps 
gsnkrallt. 

8.  Abow  thb  Limit 

a.  Species 
of  Insects. 

b.  Visits 
observed. 

a.  Species 
of  insects. 

b.  Visits 
observed. 

a.  Species 
of  Insects. 

h.  VisiU 
oboerred.  ; 

Coleoptera 

129 

469 

88 

887 

83 

134     1 

Diptera       

253 

1»598 

848 

1,856 

210 

930     ' 

Hymenoptera 

868 

2,760 

188 

1,382 

88 

1 

519     1 

(Apidfle)      

(205) 

(2,191) 

(120) 

(1,H1) 

(49) 

(402) 

Lepidoptera 

79 

865 

220 

2,122 

148 

1,190 

Other  Insects 

14 

49 

7 

15 

3 

6 

Total  ... 

843 

5.231 

841 

5,712 

482 

2,779 
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Of  each  1,000  different  visits  observed  (differing  either  in  the 
species  of  flower  visited  or  the  species  of  insect  visiting  it)  there 
are  therefore : — ^ 


1 

1.  In  Low 
Germany. 

o  n«  th.  Ain.     ••  AboTe  the 
9.  OntheAlpfc   Limit  of  Trees. 

Coleoptera      

89*6 

69  0 

48-2 

Dlptera          

805*5 

824*9 

884-6 

Hymenoptera 

525-7 

242-0                1S6-8 

1 

(Apidae)          

(413-1) 

(200-0) 

(144-6) 

Lepidoptera 

69*8 
9-4 

871-5 

428-8 

Other  IiisectB 

2-6 

2-1 

Total     ... 

1,000-0 

1,000-0 

1,0000 

»  Cf.  Nature,  toI.  xxi.  p.  275, 1880. 
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Corydalis,  74,  310,  350 

Corylus,  19,  62,  66,  211,  306,  312,  577. 

770 
Cratoxylon,  213 
Crinum,  177 
Crocus,  327 
Croton,  520 
Ci-ucifene,  366,  608 
Cucurbita,  264 
Cymbidiuin,  640 

Cynarete,  661  ' 

Cynorchis,  537 
Cypripedium,  565 
C^^rtostylls,  130 
Cytisus,  323,  '324 

DiBDALACANTHUS,  696 

Dauthonia,  455 

Datisca,  541 

Dianthus,  71,  607 

DicUmnus,  315,  330 

Digitalis,  56 

Dimorphism,  24,  33,  83,  86,  89,  134, 
154,  156,  157,  160,  167,  186,  203,  213, 
224,  225,  282,  285,  296,  319,  336,  33S, 
339»  340,  342,  389*  393»  402,  426,  427, 
447»  478,  495»  501.  504*  506,  531,  532, 
545»  554,  605,  636,  640,  684,  692,  696, 
724,  800 

Disa,  744,  766 

Diseroma,  691,  694 

Disparis,  765 

Draba,  497,  519 

Dracaena,  452 

Dracunculus,  7 

Drosera,  71 

Duvemoia,  35 

Epidexdrum,  553,  555A 
Epigaa,  285,  463,  760A 
Epilobiuiii,  45 »,  147 
Epipactis,  565 
Epipogiain,  676 
Eranthenium,  12,  402,  696 
Eremunis,  367,  612 


Erica,  591,  592,  633 
Eriophorum,  203 
Erodium,  433,  434,  438 
Erytbrsea,  780 
Erythriuo,  56 

Eschscholtzia,  358,  550,  553 
Eucorida,  628 
Euphorbia,  468,  697A,  726 
Euryale,  800 

Faba,  492 

Faramea,  553,  554 

Ficus,  140,  416A,  439,   460,    564,  621, 

677.  700,  740»  769A,  794 
Florideai,  205 

Foraythia,  280A 

Fragaria,  680 

Fumariacea;,  74,  141,  163,  214,  332,  350^ 

358»  530,  536,  575 

Qazania,  801 

Gelsemiura,  282 

Genista,  326 

Gentiana,  42,  121,  479,  582,  753 

Geonoma,  239 

Geranium,  229,  295 

Gerardia,  21,  22,  25,  789 

Gesneria,  632 

Geum,  774 

Giu^ko,  516 

Gladiolus,  9 

Glaucium,  358 

Glaux,  332 

Glechoma,  308,  574,  636 

Glossostigma,  132 

Gloxinia,  235 

Gnaphalium,  709 

Goethea,  177 

Goldfussia,  541  a 

Goodeniaeea*,  162 

(Joodenoviaj,  84 

Gossypium,  197,  730 

Gramiuea;,  14,  65,  67A,  98,  123,  iSo,  212, 

269,  300,  301,  332,  363.  367,  371.415. 

416,  440,  627,  659,  672,  673,  674  706, 

707.  759.  777,  7«5 
Gymnadcnia,  274,  277 

Gymuosperms,  712 

Habenahia,  274,  277.  454,  767 
Hedera,  471 
Heeria,  606 

Ilelianthemum,  12,  13,  531 
Helleborus,  314 
Hemerocallis,  30 
}Iespcrida;,  562 
Heteranthera,  564A 
Himantoglossum,  361 
Hordeum,  332,  371,  785 
Iluustoijia,  506 
Hoya,  623 A,  699,  715 
llyoscyanius,  442 
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Imbauba,  563 

ImiuitieM,  45A,  72,  79,  332,  417, 475,  733 

Indigofera,  323,  325 

JocROMA,  177 
Jaglans,  186,  504,  659A 
Juncufl,  10,  IX,  39,  119 
Jtuticia,  113A 

Kalmia,  313 

LaG£R8TK(EMIA,  564A 

Lamium,  72A,  332,  759 

liantana,  560 

J.arix,  177 

Leersia,  212,  696 

Leschenaultia,  17A,  162 

Liliuin,  248,  482,  641 

Limodorum,  258,  644 

Linaria,  524 

Linum,  x,  X57,  332,  339,  340,  648,  750 

LipariB,  34 

Listrostachys,  537 

Lithospenoum,  89 

Loaaese,  628 

Lobelia,  240,  304,  558,  727,  751 

Lopezia,  46X 

Lotus,  243 

Lapinus,  414 

Luzula,  464 

Lychuis,  698 

Lythrum,  45B,  X58,  393,  394 

Mackostamia,  135 
Malva,  7X,  332 
Malvastrum,  X22 
MarautaceK,  175,  629 
Marcgravia,  56,  783,  784 
Martha,  549 
Matricaria,  633 
Maxillaria,  663 
Medicago,  322,  323,  332,  747 
Melampyrum,  632 
Melastoma,  255 
Melochia,  225 
Mentzelia,  487,  488 
Meyenia,  444 
Mimalus,  38,  45B,  105A 
Mitchella,  465,  501 
Molinia,  440 
Monochoria,  389 
Muak,  390 
Myosurus,  X77,  616 

Nectaries,  51,  92,  92A,  125,  187,  190, 
366,  401,  608,   653,  654,  655,  65s A, 

656,  730.  779,  783,  784,  787A 
Nepeta,  45  B,  72 A,  308,  594,  636 
Ncsiea,  7S8A 
Nicotiana,  250 
Noinimum,  524 
Nyctaginia,  281 

Oncidium,  558,  693 

Ophrys,  60,  136,  265,  332,  529,  586,  684 


Orchids,  5,  6,  29,  34,  35,  63,  77,  91, 
1x3,  XX4,  1x5,  X29,  X33,  X36,  139,  144, 
M9,  I55»  155A,  159.  165,  238,  247, 
253»  265,  266,  267,  272,  273,  274, 276, 
277,  332,  337i  344»  361.  453»  454»  522, 
527,  529,  537,  538,  543,  543A,  552, 
565,  571,  576,  586,  637,  647, 663,  67s, 
684,691,  694,697,  719,  743,  744,  745, 
764,  765,  766,   767,   768,   769,   792, 

793 
Origanum,  632 

(^ryza,  759 

Oxalis,  79,  332,  348,  362,  507,  524,  738 

Paliurus,  177 

Palmee,  47,  177 

Papaver,  358,  369 

Papilionaceae,   X51,   152,  169,   242,   404, 

492,  633,  655A 
Paniassia,  64 

Passiflora,  478,  558,  691,  694 
Pastinaca,  251,  518,  737A 
Pavonia,  318 

Pedicularis,  263,  476,  632 
Pelargonium,  X98,  294,  297,  332,  798 
Pentsteiiion,  230 
Peplis,  394 

Phaseolus,  57,  209,  240,  368,  633 
Philotheca,  3x5 a 
Physianthus,  638,  700A 
Physostegia,  446 
Pinguicula,  332,  78 1 
Pisum,  404,  633 

Plantago,  45B,  148,  425,  429,  430,  431 
Platanthum,  274 
Podostomaceee,  561 
Pogonia,  697 
Pomsettia,  726 
Polycarpon,  40 
Polygala,  303 
Polygonum,  233 
Pontederia,  412,  556,  560 
Portulaca,  87,  494 
Posoqueria,  293,  549,  788 
Primula,  97,   xo8,  xio,  iii,  154,  161, 

231,  336,  340,  378,   384,  393,   398. 

447,  545,  585,  604A,  692 
Pringlea,  216,  372,  547 
Proteaceae,  85 
Prunella,  332 
Pterostylis,  129 
Pulmonaria,  338 
Pyzidanthcra,  44 

Ranunoulaceje,  723 
Kanunculus,  485,  774 
Reinwardtia,  749 
Rhezia,  41 3A 
Rhinacanthus,  177 
Rhinanthtis,  332 
Rhodora,  367 
Rhus,  473 
Ribes,  120 
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Rosa,  797 
Hoscoea,  445 
Bubiaceoi,  134,  233 
Baellia,  696 
Buscus,  58 

Sabal,  177 

Sabbatea,  760 

Sagina,  38 

Sdvia,  332,  341,  345,  359,  445,  497,  631, 

650,  735 
Salvinia,  683 
Sapotacese,  31  x 

Sazifraga,  210,  221,  604,  630A,  722 
Scabiosa,  771 
Schizanthus,  346 
Scorzonera,  553 

Scrophularia,45B,  280,  4S6,  632, 737,  778 
Selliera,  131 
Slierardia,  605 
8ilene,  780 
Siphocampylus,  346 
Solanum,  560,  725 
Smilaceaiy  193 
Snails,  437 
Sparganium,  761 
Sparmannia,  5411) 
Spergula,  332 
Spirdnthes,  144 
Stachys,  774 
Stapelia,  375 
Staphylea,  486 
Stelis,  714 
Stellaria,  497,  605 
Stratiotes,  457 
Stylidium,  54115 
Succisa,  449 
Symplocarpus,  728 
Syringa,  38,  605 

TABERNiEMONTANA,  359 

Taesoiiia,  691,  694 


Taraxacum,  486 

Tecoma,  233 

TeQcrium,  632 

Thalia,  645 

Thelymitra,  133 

Thymus,  632,  635 

Tillandsia,  802 

Torrenia,  28 

Tradescantia,  332 

Trichosanthes,  31 

Tiichostoma,  377 

Trifolium,  55,  262,  299,  486 

Trigonella,  748 

Trimorphism,    2,    160,    343,    348,   362, 

?93,  556 
Tnoecism,  2,  106,  158 

Tulips,  643 

Ulbx,  633 
Utricularia,  44 

Vaccinium,  633 

Vandellia,  399 

Vanilla,  139,  543,  754,  541c,  543A 

Verbascum,  161,  695 

Veronica,  8,  660,  708 

Vicia,  151,  152,  492 

Victoria,  775 

Vinca,  147A,  153,  636A,  781 

Viola,  70,  71,  79,  246,  307.   309,  3p, 

391.  475i  524»  534,  622,  625,  718 
Vitis,  450,  451,  462 
Voandzeia,  81 

Wistaria,  264,  511  a,  679 

Yucca,  32,  37,  218,  219.  220,  405.  44S. 

503,  514.  515,  $21,  664,  667,  668,  669, 
670,  671,  681,  758 

Zra,  45B 
Zostera,  138,  223 
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WITH  REFERENCES  TO  THE  PLANTS  VISITED  BY  THEM. 


Abbreviations. — L.  ==  Lippstadt ;  T.  =  Teklenburg,  Herr  Borgstette  ; 
Sid.  =  Sauerland  ;  Tli.  =  Tlmringia. 

Numbers  placed  in  brackets  after  an  insect's  name,  indicate  the  lengtli  ot 
the  insect's  proboscis  in  millimetres. 

The  plants  visited  are  designated  by  the  numbers  which  they  bear  in  the 
third  section  of  this  book.  To  facilitate  reference,  the  first  syllable  of  the 
plant's  order  or  genus  ia  also  given. 

Insects  useless  in  the  work  of  fertilisation  are  marked  thus,f ;  those  (eqnaUy 
useless)  which  bite  through  or  burst  open  the  flower  forcibly  are  marked  thu8,J. 
Those  cases  in  which  the  insect  fails  to  obtain  the  honey  or  pollen  which  it 
seeks  are  marked  with  an  asterisk  (♦). 


I.  C'OLEOPTERA  (129  species,  469 
different  visits). 

A.  BupresticUe  (1  species,  4  visits). 

Anthaxia  nitidula,  L.,  L.,  Ran,  7  ;  Ros. 
153;  Com  p.  225,274. 

H.  CerambycidoR  (1  species,  80  visits). 

Clvtusarietis,  L.,  L.,  Unib.  185,  Ros.  152, 

149,  135,  133. 

mysticus,  L.,  L.,  Ros.  153. 

Grammoptera    hevis,  F.,   L,    List.  13; 

Com.  197. 
lurida,  F.,  L.  T.,  Com.  197  ;  Uinh. 

185, 
mficornis,  Pz.,    L.    T.,  Umb.   179, 

187,  186  ;  Ros.  153,  149,  138,  137. 
Lcptura    livida,  F.,    L.    T.,    List.  380  ; 

Umb.   179,  188,  184 ;  Ros.  135,  133  ; 

Convolv.  311  ;  Scab.    211  ;  Jas.  283 ; 

Comp.  225,  229,  233,  227,  217,  267. 
— —  testaoea,  L.,  L.,  Comp.  225. 
Pachyta  collaris,  L.,  Th.,  Umb.  185. 
octomaculata,  F.,Sld.T.Siebengeb., 

Umb.  179,  181,  194,  185,    184  ;  Ros. 

134,  135,  130  ;  Scab.  211 ;  Comp.  229. 


Rhagium  inquisitor,  L.,  Sid.,  Umb.  194  ; 

Ros.  148. 
Strangaliaarmata,  Hbst.  (S.  calcarata,  F.), 

L.  Sid.,  Com.   197  ;    Roa.    148,   135, 

183  ;  Scab.  211  ;  Comp.  229. 
atra,  F.,   L.  Sid.    T.,.  Com.    197; 

Ros.  149,  135 ;  Scab.  211  ;  Comp.  229. 
attenuata.  L.,  L.,  Com.  197  ;  Ros. 


149,  130,  183  ;  Scab.  211 ;  Comp.  229, 
233. 

bifasciata.  Mull.,  Th.,  Umb.    191, 


195. 


—  melanura,  L.,  L.  Sid.,  Umb.  185  ; 
Ros.  135  ;  Scab.  211  ;  Comp.  253, 
229,  231. 

nigra,  L.,  L.  Sid.,  Umb.  194  ;  Ran. 


7,  Cist.  45  ;  Ros.  148, 135,  133  ;  Plant. 
868. 
Toxotus  meridianus,  L. ,  Siebeugeb.,  Scab. 
211 

C   Chrysomelidaz  {\1  species,  32 
visits). 

Adimonia  sanguinea,  F.,  L.,  Ros.  152. 
Cassida  murrsea,  L.,  L.,  Comp.  223. 

nebulosa,  L.,  L.,  Cmc.  83. 

Ct»ythra  cyaiiea,  F.,  L.,  Ros.  153, 
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C€ythrascopolma,L.,Th.,  Umb.  181, 191. 
Crioceris  12punctata,  L.,  L.,  Umb.  177. 
Cryptocephalus    Morsel,  L.,   L.,   PapU. 

108 ;  Comp.  267^ 
sericeos,  L.,   SM.  T.   Tb.,   Umb. 

194,   185  ;    Ran.    7 ;    Hyperic.    68 ; 

Papil.  108t ;  Scab.  211,  212  ;  Jas.  283  ; 

Comp.  258,  246,  225,  237,  267. 
vittatua,  F.,  Sid.,  Papil.  108t. 


Donacia  dentata^  Hoppe,  L.,  Nuph.  19. 
Galenica  calmeriensis,  F.,  T.,  Umb.  182. 
Haltlca  fuscicomis,  L.,  L.,  Mai  v.  69. 

nemorum,  L.,  L.,  Crucif.  38. 

Helodes  aacta,  F.,  L.,  Kan.  7. 

phellandrii,  L.,    L.,    Umb.    188; 

Kan.  5. 
LupeniB  flavipes,  L ,  L.,  Ros.  148. 
Plectroscelis  dentipes,  E.  H.,  L.,  Crucif. 

83. 

D.  CUtelidcc  (2  species,  9  visits). 

Cistelamurina,  L.,  L.  T.,  Umb.  179, 185  ; 

Ran.    7  ;   Geran.  78;  Ros.  149,  133  ; 

Comp.  267. 
mfipes,  F.,  L.,  Scropb.  824t. 

K.  Cleridce  (1  species,  5  visits). 

Trichodes  apiarius,  L.,  L.  T.  Th.,  All. 
392  ;  Umb.  179, 191,  194,  174  ;  Comp. 
229. 

F.  Coccinellidce  (6  species,  14  visits). 

Cocciiiella  bipunctata,  L.,  L.,  Comp.  234. 

matabiiis,  Scrib.,  Tli.,  Comp.  256. 

14punctata,    L.,    L.,    Umb.    190 ; 

Berberid.   18 ;  Cruc.   40 ;  Parn.  157  ; 

Ros.  151. 

5punctata,  L.,  L.,  Comp.  284. 

7panctata,    L.,    L.,    Umb.     190; 


Pam.  157  ;  Geran.  83  ;  Comn.  274. 
Exochomusauritus,  Scrib.,  L.,  Umb.  194 ; 
Comp.  225. 

G.  Cryptophagidcc  (1  s])ecies,  2  visits). 

Antberopbagus  pallens,  01.,    L.,   Sid., 
Digit.  256t;Camp.  278. 

H.  Curculionidas  (18  species,  24  visits). 

Apion  columbinum,  Grm.,  L.,  Adoza  198. 

onopordi,  K.,  L.,  Cbrysospl.  155. 

vaiipes,  Grm.,  L.,  Cbrysospl.  155. 

spec,  L.,  Ros.  152. 

Brucbus  sp.,  L,  Umb.  177, 185  ;  Comp. 

248,  234. 
Ceutorbynchns  pamilio,  Gylb.,  L.,  Cruc. 

33. 

sp.,  L.,  Cruc.  35. 

Gymnetron  camjianulae,  L.,  Sid.,  Camp. 

277. 

graminis,  Gylb.,  Th.,  Camp.  282. 

l^rinus  Jacea;,  L.,  Th.,  Comp.  248,  246. 

senilis,  F.,  Th.,  Comp.  240. 

Nanopbyes  lythri,  F.,  L.,  Lythr.  165. 


Otiorhynchus  ovatiia,  L.,  L.,  Camp.  277. 

picipes,  F.,  L.,  Com.  197. 

Phyllobius  maculicornisy  Groa.,  L.,  Roe. 

152. 
Ph.  oblongus,  L.,  L.,  Umb.  177. 
Rhynchites  a^quatus,  L.,  L.,  Ros.  151. 
Spermophagus  cardui,  Schh.,  Th.,  Umb. 

179,  196;  Comp.  276. 

I.  Dermestidce  (6  species,  44  visits). 

Anthrenus  claviger,  £r.,   L.,    Ros.  153, 
149,  132. 

museorum,  L.,  L.,  Ros.  152,  183. 

pimpinellte,  F,,  L.,  Umb.  178,  179, 

190,  194,  195.  186,    184.   174  ;   Crac 
88 ;   Rhus  88 ;   Ros.    153,    148,    149, 
138,  130,  182,  133  ;  Comp.  229. 
scrophularise,  L.,    L.,    Umb.    186, 


184  ;    kos.    148,   149,    153,  138,    13^ 

133. 
Attagenus  pellio,  L.,  L.,  Berber.  18,  Ros. 

152,  153,  138. 
By  torus  fumatns,  F.   (including  B.  to- 

mentosus,  F.)  L.,    Com.    197 ;    Tfatn. 

7,  8  ;  G^ran.  78 ;  Ros.    152,  184,  185, 

187,  133. 

K.  Elaterida  (16  species,  36  visits). 

Adrastus  pallens,  Er.,  L.,  Umb.  188. 
Amotes  aterrimus,  L.,   L.,    Umb.  179, 

Ros.  152. 
gallicus.  Lap.,    Th.,    Umb.,    195, 

183 ;  Rubiac.  206  ;  Comp.  248,  228. 

sputator,  L.,  Th.,  Umb.  195. 

ustulatus,  Schall.,  Th.,  Umb.  194, 

195  ;  Comp.  248,  153. 
Athous  niger,  L.,  L.,  Com.  197  ;  UmU. 

179,  185  ;  Comp.  229,  234. 
Cardiophorus  cinereun,  Hbst.,    L      Ros. 

133. 
Corym bites  hsematodes,  F.,   8ieb<»neeb 

Umb.  194.  ^    '' 
holosericeus,  L.,    L.,     Umb.    194 

Ros.  152  ;  Comp.  246. 

quercus.  111.,  L.,  Umb.  185. 

Diacanthus  wneus,  L.,  L.,  Ros.  135. 
Dolopius  marginatus,  L.,  L.,  Com.  197  • 

Ros.  152. 
I^cou  murinus,  L.,  L.,   Umb.  179.  185  • 

Ros.  183.  '         ' 

Limoniuscylindricus,  Payk.,  L.,  Ros.  152, 

135. 
parvulus,  Pz.,  L.,  Cmc.  33  ;    Salix 

878 ;  Ros.  152. 
Synaptnsfiliformis,  F.,  L.,  Umb.  185. 

L.  HydrophilidcB. 
Cercyon  anale,  Pk.,  L.,  Cruc.  33. 

M.  Lagriidcc. 
I^Agria  hirta,  L.,  L.,  Ros.  153. 
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N.  Lathridii, 

Corticaria  gibbosa,  Hbst,  L.,  Clirysospl. 
155. 

O.  Lamellieomia  (6  species,  39  visits). 

Ce tenia  aurata,  L.,  Sid,  Th.,  Umb.  179, 
193 ;  Cruc.  32 ;  Ros.  152,  148,  149, 
130 ;  Rubiac.  206 ;  Sambuc.  199 ; 
Comp.  229. 

Hoplia  philanthns,  Sulz.,  Sid.,  Umb. 
194  ;  Scab.  211. 

Melolontha  vulgaris,  L.,  L.,  Ros.  152, 
149. 

Phylloperthahorticolfl,  L.,L.,  Umb.  179 ; 
Ros,  148,  149,  133  ;  Caprif.  200. 

Trlchius fasciatus,  L.,  L.  Sid.,  Umb.  179, 

178,  187,  194,  195,  174 ;  Clem.  1  ; 
Thai.  2 ;  Ros.  135,  130,  131,  133  ; 
Caprif.  199 ;  Scab.  211  ;  Comp.  248, 
246,  229,  237  ;  Valer.  208. 

nobilis,  L.,  L.,  Comp.  229, 

P.  Maldcodermata  (13  species,  51  visits). 

Anthocomus  fasciatus,  L.,  L.,  Umb.  177, 

186.;   Cruc.  34,  38;   Ros.   148,   149; 

Plant.  362. 
Dasytes  flavipfs,  F.,  L.,  Umb.  179,  181 ; 

Cruc.   38  ;  Umb.  82  ;  Ros.  138,  142, 

133  ;  Comp.  229. 

pallipes,  Pz.,  Th.,  Umb.  195. 

sp.,    L.,    Bry.     Hlf,    Ros.    149; 

Scroph.  323t. 
Malachius  (eneus,  F.,  L.  T.,  Umb.  185, 

186  ;  Geran.  78  ;  Ros.  152  ;  Plant.  368  ; 

Comp.  229. 
bipustulatus,  F.,  L.  T.  Sid.,  Umb. 

179,  185;  Cruc.  38;  Ros.  135,  138, 
133  ;  Papil.  119t,  Comp.  274,  260. 

sp.,  L.,  Comp.  276. 


Telephorus fuscus,  L.,  L, Umb.  179, 194, 

185. 
lividus,  L.,   L. ,    Umb.    194,    185, 

186. 


—  melanurus,  L.,  L.  Sid.,  Umb.  181, 
178,  190,  194  ;  Comp.  248. 

—  pellucidus,  F.,  L.,  Corn.  197. 

—  rusticus,  F  ,  L.,  Umb.   177,  185  ; 
Ros.  135. 

—  testaceus,  L.,  L.,  Ros.  153. 


Q.  Mordellidce  (9  species,  35  visits). 

Anaspis  frontalis,  L.,  L.,  Umb.  179, 186  ; 

Ros.  153,  148,  133. 

maculata,  Fourc.,  L.,  Ros.  1-33. 

rufilabris,  Gylh.,T.,  Umb.  179;  Roe. 

152. 

ruficollts,  F.,  L.,  Rob.  149. 


Mordella  abdominalis,  F.,  L.,  Ros.  153. 
aculeata,  L.,  L.,  Umb.  179,  195  ; 

Ran.  7  ;  Ros.  148,  149,  138,  130,  133  ; 

Rubiac.  206  ;  Caprif.  200 ;  Comp.  248, 

229. 


Mordella  fasciata,  F.,  L.,  Umb.  179, 178, 
194,  195,  185 ;  Rubiac.  206  ;  Comp. 
248,  229,  228,  265. 

pumila,  Gylh.,  L.,  Umb.  185  ;  Ran. 

4,  7. 

pusilla,  Dej.,  L.,  Ran.  7. 

R.  Nitidulidae  (4  species,  65  visits). 

Cychramusluteus,F.,  Sid.  T.,  Umb.  179; 

Ros.  130. 
Epur»a,sp.,  L.,  Umb.  185;  Cruc.  35; 

Ros.  152. 
Meligetbes  sp.,  L.,  Lil.  394  ;  Cypriped. 

386*  ;  Corn.  197  ;  Umb.  190,  194,  185, 

186,  184,  174  ;  Nuph.  19;  Ran.  4,  7, 

8,  9,  11  ;  Papav.  20 ;  Cnic.  30,  35,  89 ; 

Salix  378  ;  Oxalis  75  ;  Cary.  65,  68 ; 

Lythr.  165  ;  Onagr.  167  ;  Ros.  161, 152, 

153,  148,  149,  135,  138,  139, 142, 186, 

132,  133,  127,  128  ;  Papil.  Ill,  112  ; 

Convolv.  31  If;  Bor.  800;  Scroph.  328t; 

Plant.  868 ;  Caprif.  200 ;  Scab.  211  ; 

Camp.  278,  280  ;  Comp.  229,  288,  217, 

236,  263,  274  ;  Valer.  209. 
Thalycra    sericea,  Er.,   L.,   Corn.    197; 

Umb.  194. 

5.  (Edemeridoe  (3  species,  12  visits). 

Asclera  coerulea,  L.,  L.,  Ros.  153. 
(Edemera  flavescens,  L.,  L.  Th.,  Umb, 

182. 
virescens,  L.,  L.  T.  Th.,  Umb.  183, 

194;   Ran.  7;    Cary.   65;    Ros.  135; 

Convolv.   311  ;  Ech.  310  ;  Jas.  283  ; 

Comp.  238,  217. 

T.  PhalacHdcc  (3  species,  4  visits). 

Olibrus  flpneus,  F.,  L.,  Chrysospl.  155  ; 
Ros.  151. 

affinis,  Sturm,  L.,  Cary.  67. 

bicolor,  F.,  L.,   Scab.  211. 

U.  Staphylinid(B  (2  species,  7  visits). 

Anthobium    spec,    Sid.,    Papil.    112  ; 

Camp.  277. 
Omalium    florale,  Pk..    L.,    Cruc.    80 ; 

Cerast.  60 ;   Pulm.  804  ;  Piim.  288. 

V.  Tenehrionidec, 
Microzoum  tibiale,  F.,  L.,  Ros.  162. 


II.  DIPTERA  (253  species,  1698  different 

visits). 

Brachtcera  (232  species,  1557  different 

visits). 

A.  Asilida  (3  species,  3  visits). 

Dioctria  atricapilla,  Mgn.,  T.,  Ran.  7. 

Reinhardi,  Wiedem.,    Sid.,  Umb. 

194. 
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Isopogon  bi-evirostris,  Fall.,  Sid.,  Umb. 
181. 

B.  Bombylidm  (9  species,  57  visits). 

Anthrax  flava,  Mgn.,    Sid.   Th.,    Umb. 

179,  175,  193,  194,  195  ;  Rubiac.  205  ; 

Comp.  248. 
— ' — hottentotta,  L.,  Sid.,  Comp.  237. 

maura,  L.,  Th.,  Umb.  191,  192. 

Argyroma?ba  sinuata,  Fall.,  L.  T.,  Cruc. 

38  ;  Hyper.  68*. 
Bombylius  canescens,  Mik.,  Th.,  Hyper, 

68  ;  Comp.  267. 
discolor,  Mgn.  (11 — 12),  L.,  Coryd. 

23t,  24t ;    Cruc.    30  ;   Viol.   47,  48  ; 

Bor.  304  ;  Lab.  349 ;  Vinca,  293 ;  Prim. 

288 

major,  L.  (10),  L.  T.,  Umb.  182; 


Coryd.  23t,  24t ;  Cnic.  30 ;  Viol.  49  ; 

Salix  378,  379;  Ros.  150;  Bor.  304, 

306  ;  Lab.  362,  349  ;  Vinca,  293  ;  Syr. 

291  ;  Prim.  282  ;  Comp.  236, 
Exoprosopa  oipucina,  F.,  L  ,  Scab.  212  ; 

Jas.  282  ;  C^nip.  225. 
Svstobchus  sullureus,  F.,  Sid.  Th.,  Lin. 
'  74  ;  Malv.  72  ;  Roa.  143  ;  Papil.  100*, 

94t ;  Scroph.  317,  330 ;  Lab.  344.  340  ; 

Rubiac.  205,  207  ;  Camp.  277  ;  Comp. 

229,  271,  272. 

C.  Conopidce  (13  species,  54  visits). 

Conops  flavipes,  L.  (4 — 5),  L.  Sid.  T., 
Papil.  90t;  Phlox,  299;  Lab.  350; 
Rubiac.    206  ;   Comp.  257,  248,   22P. 

quadrifasciatus,   beg.,     L.,     Umb. 

181. 


scutellatus,  Mgn.,  Tb.,  Comp.  246. 

Myopa  buccata,   L.    (4j^ — 5),    L.,   Salix 

377,  378  :  Papil.  PSf,  95. 
polystigma,  Rond.,   L.,  Ros.   133  ; 

Lab.  342. 

testacea,  L.  (3.J),  L.  Sid.  Th.,  Salix 


377  ;  Ros.  152 ;  Papil.  95t,  98,  108* ; 
Lab.  340. 

—  variegata,  Mgn.,  L.,  Lab.  342. 
sp.,  Th.,  Comp.  255. 


Occemyia  atra,  F.,  T.,  Comp.  266. 
Physocephala  rufipes,   F.,  L.  Th.,  Ros. 

135,  133  ;  Jas.  283  ;  Comp.  248,  246. 
vittata,  F..  L.,  Ech.  310  ;  Jas.  283  ; 

Comp.  257,  225. 
Sicus  ferrugineus,  L.,  L.  Sid.  T.,  Ros. 

142  ;  Papil.  100*,  108*  ;  Lab.  340,  342 ; 

Scab.  211,  213  ;  Jas.  283  ;  Comp.  253, 

229,  237,  266,  265,  276,  271,  272,  270, 

260  ;  Valer.  208. 
Zodion  zinereum,  F.,  Sid.,  Umb.  194. 

D.  Dolichopid4V  (2  species,  2  viaits). 

Dolichopus  aeneus,  Deg.,  L.,  Umb.  178. 
Oymnopternus  chajrophylli,   Mgn.,    L., 
Umb.  191. 


£.  EmpidoB  (13  species,  81  visits). 

Empis  leucoptera,  Mgn  ,  L.,  Hott.  289. 

livida,  L.  (2i— 3,  dry),  L,,  'AU.  893; 

Orch.  386  ;  Corn.  197  ;  Umb.  179, 187, 
194  ;  Ran.  8  ;  Papav.  21  ;  Cruc.  27, 
28  ;  Hyper.  68  ;  Lin.  74  :  Cary.  61 : 
Onagr.  166  ;  Ros.  150,  152,  153,  135, 
138,  128  ;  PapiL  117  ;  Convolv.  811 ; 
Scroph.  326  ;  Lab.  842,  338  ;  Uott. 
289  ;  Scab.  211,  212  ;  Jas.  283  ;  Comp. 
259,  248,  249,  233,  238,  217,  274,  282: 
Valer.  208. 

opaca,    F.  (3—34,   *iiy),   L.,  Cmc 


30  ;  Cary.  65,  60  ;  Ros.  133  ;  Bor.  807 : 
Caprif.  204  ;  Comp.  217,  274. 
—  j)ennipes,  L.,  L.,  Hottonia  289. 
punctata,    F.,    L..,    Cyprip.    8S6*: 


Umb.   179,   185  ;    Kos.    133  :    Comu. 
274.  ^ 

rnstica.     Fall.,     L.,      U^mb.     187: 


Cary.  60  ;  Onagr.  166  ;  Ros.  152,  127, 
128  ;  Lab.  342,  338  ;  Comp.  257,  229; 
Valer.  208. 

—  stercorea,  L.,  L,,  Umb.  185. 

—  t^ssclata,  F.  (3— 3§,  dr\),  L, 
Umb.  182  ;  Ran.  7  ;  Carv.  6*5  :  Ror. 
135, 133  ;  Lab.  338  ;  Scab.  211  ;  Coma 
237.  * 

sp..    L.,    Umb.     178;    Salix    37S; 


Convolv. 

Microphorus  velutinus,  Macq.,  L.,  Ros. 
153. 

Rhamphomyiaplumipes,  Fall.,  L.,Cami.. 

277. 

sulcata,  Fall.,  L.,  Salix  378. 

Tachydromia    couuexa,  Mgn.,    L..   Ros. 

153. 

F.  LcptUlm  (2  species,  2  visits). 

Atherix  ibis,  F., 'L.,  Urab.  187. 
Leptis  strigosa,  Mgn.,  L.,  Cary.  60. 

G.  MiLscidtv  (85  species,  387  visits). 

Alophora  hemiptera,  F.,  T.,  Umb.  190. 
Anthomyia  wstiva,  Mgn.,  L.,  Cary.  60. 

obelisca,  Mgn.,  L.,  Rut.  84. 

pratensis,  Mgn.,  L.,  Rut.  84. 

radicum,  L.,   L.,   Uinb.    1S6  ;  Ran. 

10  ;  Rut.  84:  Ros.  151. 
sp.,  L.,  Cyprip.  386«  ;   Umb.   172, 

179  ;  Ran.  6,  7.  8,  10,  11  ;   Rerb.  IS: 

Cruc.  30,  37  ;  Geran.  76  ;  Cury.  63   W  • 

Onagr.  170;  Ros.  138,  142,  145,*  180. 

132,  133,  127  :  Plant.  96. 
Aricia  incana,  Wiedem.,  L.,  L^mb    17S ' 

Comp.  238. 

obscurata,  Mgn.,  L..  Umb.  179. 

serva,  Mgn.,  L.,  Ros.  153. 

vagans.  Fall.,  L.,  Umb.  188. 

Borl>orus  niger,  Mgn.,  Adoxa  198. 
Calliphoi-a    erythrocephala,    Mgn.,     \. 

Gross.     161  ;  Umb.    194  ;    Salix  378' 
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Rims.  88  ;  Rut.  84  ;  Ros.  161 ;  Scroph. 

829  ;  Valer.  208. 
Calliphora  vomitoria,  L.,  L.,  Umb.  178, 

194,  174  ;  Kuon.  85  ;  Valer.  208. 
Calobata  cotburnata,  Pz.,  L.,  Bor.  305. 
Chlorops    circumdata,  Mgn.,    L.,  Gary. 

66. 

sp.,  L  ,  Ros.  153,  127. 

CyrtoDeura  cceriUescens,  Macq.,  L.,  Ran. 

7. 
curvipes,  Macq.,    L.,    Umb.    188, 

192. 


—  simplex,  Loew,  L.,  Umb.  176,  178, 
192,  186;  Ros.  138. 
sp.,  L.,  Ros.  153. 


Demoticus    plebejus.  Fall.,    L.,    Com  p. 

270. 
Dexia  canina,  F.,  T.,  Comp.  214. 

rustica,  F.,  Th.,  Umb.  193. 

Echinomyia  fera,  L.,  L.  T.,  Umb.  172, 

179,  177,  190,  194,  185  ;  Geran.  78  ; 

Ros.  152,  153,  134 ;  Caprif.  2C0;  Comp. 

214. 

ferox,  Pz.,  L.,  Jas.  283  ;  Comp.  226. 

■ grossa,  L.,  L.,  Umb.  194. 

magniconiis,  Zett.,  L.  T.  Th  ,  Sed. 

164  ;  Umb.  194  ;  Ros.  133. 

tesselata,  F. ,   L. ,   Bor.    305 ;   Lab. 


335  ;  Scab.  317  ;  Jas.  283  ;  Comp.  245, 

229,  227. 
Exorista  vulgaris.  Fall.,  L.,   Umb.   194, 

186. 
Gonia  capitate.  Fall.  (4 — 5),  L.,  Comp. 

225. 
Graphomyia  maculate.  Scop.,  L.,  Umb. 

194,  185  ;  Ros.  154. 
Gymnosoma  rotundata,  L.,  Ij.  Th.,  Umb. 

177,    191,   192,   196,   195,   186,    184; 

Lab.  133  ;  Comp.  225,  228. 
Helomyza  affinis,  Mgn.,  L.,  Neottia  381. 
Hydrottea  dentipes,  F.,  L.,  Gary.  65. 
Lucilia  albiceps,  Mgn.,    L.,   Ros.    138  ; 

Comp.  214. 
ca?sar,    L,    L,    Umb.    172,   178, 

194. 


—  cornicina,  F.,  L.,  Umb.  173,  176, 
179,  178,  188,  192,  194,  174  ;  Euon. 
86  ;  Rhus  88  ;  Rut  84  ;  Til.  73  ; 
Fagop.  369  ;  Ros.  151,  142,  133  ;  Lab. 
340,  339,  337  ;  Scab.  212  ;  Comp.  248, 
229,  233,  217  ;  Valer.  208. 

sericato,    Mgn.,    L.,    Umb.    194, 


185;  Comp.  248. 

—  sil varum,  Mgn.,  L.,  Umb.  179, 178, 

190,  193,   194;  Rut.  84;   Gary.    55; 

Ros.  142,  183  ;  Lab.  339,  337  ;  Comp. 

229. 

spec,    L,   Umb.    179,    185,   195; 


Ascl.    295t ;  Scab.  212 ;   Comp.    222, 

238. 
Macquartia  pra;fica,    Zett.,    L.,    Comp. 

229. 
Mesembrina  meridiana,  L.,L.,  Umb.  178, 

190;  Ros.  142,  138. 


Micropalpns  fulgens,    Mgn.,  L.,    Scab. 

211. 
Miltogramma  punctata,  Mgn.,  L.,  Umb. 

173,  179. 
Musca  corvina,  F.,  L.,   Umb.  178,   179, 

185,  192,  194  ;  Berb.  18  ;  Fagop.  369  ; 

Gary.  66  ;   Ros.  151,  138,   133  ;   Bor. 

305  ;  Lab.  338  ;  Rubiac.  205  ;  Comp. 

248,  229,  217. 
domestica,  L.,  L.,  Ran.   12;  Berb. 

18  ;   Euon.   85  ;   Til.   73  ;   Gary.    66  ; 

Onagr.  170  ;  Ros.  151  ;  Valer.  208. 
Myodina  vibrans,  L  ,  L.,  Aristol.  376. 
Nemoraeasp.,  L.,  Umb.  194. 
Ocy])tera  brassicaria,  F.,  L.,  Umb.  178, 

194  ;  Lab.  340,  342;  Ascl.  295  ;  Jas. 

283  ;  Comp.  248. 
cylindnca,  F.,  L.,  Lab.  342 ;  Scab. 

211  ;  Jas.  283  ;  Comp.  248,  225,  221. 
Oliviei-a  lateralis,    Pz.,    L.,    Jas.    283; 

Comp.  248,  238. 
Onesia  coguata,  Mgn.,  L.,  Berb.  18  ;  Ros. 

139,  138. 
floralis,  R.  D.,  L.,  Umb.  194;  Nuph. 

19 ;   Berb.   18  ;   Gary.  55 ;    Ros.  150, 

152,    153,    135,    139,  133 ;  Bor.  305, 

306,  307 ;  Lab.  337,  338  ;  Comp.  248, 

238,  274  ;  Valer.  207. 

sepulcralis,  Mgn.,  Th.,  Umb.  193, 


194  ;  Berb.  18  ;  Ros.  153  ;  Bor.  305 ; 

Lab.  337,  338  ;  Comp.  237. 
Phasia  analis,  F.,  Th.,  Umb.  191. 

crassipennis,  F.,  Th.,  Umb.  191. 

Phorocera  assimilis,   Fallen,   L.,   Umb. 

194. 
Platy stoma  seminationi.s  F.,  Comp.  248. 
PoUenia  rudis,  F.,  L.,  Umb.  179 ;  Ran. 

12;    Rut.  84;   Salix  378;  Gary.   62; 

Ros.  151  ;  Comp.  222. 
Vespillo,  F.,  L.,  Thalict.  3  ;  Pam. 

157;    Fagop.    369;    Car>'.    62;    Ros. 

151,  139  ;  Bor.  305  ;  Lab.  339  ;  Comp. 

229,  233,  238. 
Prosena  siberite,  F.,  (6,  dry)  L.,  Clem.  1; 

Lab.  342. 
Psila  fimetaria,  L.,  L.,  Umb.  185. 
Pyrellia  aenea,  Zett.,  L.,  Sed.  162  ;  Umb. 

194  ;  Comp.  229. 
cadaverina,  L.,  L.,  Ca^}^  55  ;  Lab. 

337. 
Sapromyza  apicalis,  Loew,  L.,  Arist.  376. 
Sarcophaga  albiceps,    Mgn.,    L.,   Umb. 

179,  177,   195;    Rut.  84;   Ros.    138; 

Lab.  340,  339,  337. 
carnaria,  L.,   L.    Th.,   Umb.   172, 

176,  177,  193,  194  ;  Pam.  157  ;  Euon. 

85;    Rhus   88;    Rut.    84;    Til.    73; 

Fagop.   369  ;   Polyg.   370  ;  Gary.  55  ; 

Ros.   153,   142,  133  ;  Lab.  840,   338  ; 

Comp.  248,  233,  223. 

dissimilis,  Mgn.,  L.,  Umb.  186. 

h^emaiThoa,  Mgn.,  L.,  Umb.   186, 

194  ;  Rut.  84  ;  Comp.  233. 
spec,  L.,  Umb.  186,  190  ;  Lab.  388. 
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Scatopliaga  mcrdaria,  F.,  L.,  Gross.  158  ; 

Umb.  172, 190, 194, 185  ;  Ran.  4,  5,  6, 

9,  10,  11 ;  Salix  378  ;  Ros.  151,  152, 

142,    127  ;   Bor.   305  ;    Rubiac.   205 ; 

Comp.  248,  227,  234,  217,  274. 
stercoraria,  L.,  L.  T.,  Gi-oss.  168, 

161  ;  Umb.  179,  190,  185,  174 ;  Ran. 

4 ;  Salix  378 ;  £uon.  85  ;  Geran.  78, 

80 ;   Ros.   127  ;  Scroph.  325 ;   Comp. 

248,  229,  227,  217,  274. 
Sciomyza  cinerella,  Fallen,  L.,  Chrysospl. 

155. 
Sepsis  cynipsea,  L.,  L.,  Umb.  194. 

putris,  L.,  L.,  Cruc.  83. 

spec.  L.,  Umb.  179,  178,  192,  195, 

185,  186,  174 ;  Ran.  9,  12  ;  Rut.  84  ; 

Gary.  60  ;   Ros.  151,  152,  142,  127  ; 

Convolv.  311t ;  Comp.  229. 
Siphona  cristata,  F.,  L.,  Cruc.  38. 
Spilogaster  nigrita,  Fall.,  L.,  Comp.  233. 
semicinerea,  Wied.,  L.,  Cypr.  386*  ; 

Neott.  881+  ;  Plant.  368. 
Tachina  erucarum,  Rond.,  L.,  Umb.  194. 

pnepotens,  Mgn.,  L.,  Umb.,  190. 

Tetanocera  ferruginea,   Fall.,  L.,  Umb. 

178. 
Trypeta  comutA,  F.,  Th.,  Comp.  258. 
Ulidia    erythrophthalraa,    Mgn.,    Th., 

Comp.  231,  228. 
Zophomyiatremula,Scop.,  L.,  Umb.  177, 

185. 

H.  StratiomyidcR  (11  species,  45  visits). 

Chrysomyia  formosa,  Scop.,  L.  T.,  Umb. 

179,  177,  192,  184  ;  Ros.  135 ;  Plant. 

368. 

polita,  L.,  Th.,  Samb.  199. 

Nemotelus  pantherinus,  L.,  L.  T.,  Umb. 

185  ;  Cruc.  34  ;  Comp.  229,  233,  227, 

268. 
Odontomyia  argentata,    F.   (2—3),    L., 

Rau.  11  ;  Fagop.  369  ;  Cary.  60  ;  Ros. 

139. 
viriilula,  F.,  L  ,  Umb.  188  ;  Fngop. 

369  ;  liab.  337  ;  Rubiac.  206  ;  Comi). 

248,  225,  229,  234,  238. 
Oxycera  pulchella,  Mgn.,  Sid.,  Melamp. 

335*. 
Sar^s  cuprarius,  L.,  L.,  Umb.  179,  154  ; 

Rut.  84  ;  Malv.  69  ;  Ros.   135,   142  ; 

Caprif.  199. 
Stratiomys  Cliama>leon,   Deg.,    L.   Th., 

Umb.    179,    187,    195,    185;    Fagoji. 

369. 

longicomis,  F.,  L.,  Umb.  177. 

riparia,  Mgn.,  L.,  Umb.  178,  195  ; 

Fagop.  369  ;  Ros.  127. 
spec,  L.,  Cary.  60. 

I.  Syrphidm  (89  species,  916  visits). 

Ascia  lancoolatfl,   Mgn.,  L.,    Ros.    127  ; 
Comp.  274. 


Ascia  podagrica,  F.,  L.  T.,  Alism.  898; 

Umb.  194,  195,  185  ;  Ran.  11  ;  Chclid. 

21  ;    Cruc.    83,   37,    88 ;    Cist.     45 ; 

Hj^jer.  68  ;  Rut.  84  ;  Germn.   78,  79, 

81  ;    Polygon.   871,     872,    873,    874 ; 

Gary.  63,  55 ;  Onagr.  170  ;  Roa.  151, 

135,  142,  145,  133  ;  Scroph.  319,  325. 

326;    Lab.    342,    338;    Plant.    368; 

Comp.  238,  274. 
Bacha   elongata,    F.,     L.,    Umb.    184; 

Onagr.  170. 
Brachy palpus  valgus,    Pz.,   L.,  Ran.  fir 

Salix  378  ;  Ros.  149. 
Cheilosia  spec,  L.,  Ul.  394  ;  Cypr.  886*. 

Umb.  184  ;  Ran.  6,  8,  11  ;  Papav.  2t»; 

Ros.  143;  Comp.  272,  276. 

albitarsis,  Mgn.,  L.,  Ran.  7. 

barbata,  Loew,  L.,  Ros.  127. 

brachysoma,  i^.,  L.,  Salix  878. 

chloris,  Mgn.,  LT,  Salix  878  ;  Comp. 


274. 


•chrysocoma,Mgn.,  L.  T.,  Comp.  26^ 
264,  265.  ^ 

—  fratema,Mgn.,  L.,  Comp.  229. 
modesta,  Egg.,  L.,  Salix  878;  Ros. 


139. 


—  pictipennis.  Egg.,  L.,  Salix  878. 

—  pnecox,  Zett,  T.,  Salix  878 :  Roa 
139  ;  Comp.  238. 

—  pubera,  Zett.,  L.,  Ran.  7. 

—  scutellata.  Fall.,  I^  Sid.  T.,  UmK 
192,  194,  184 ;  Fagop.  369  ;  Eric 
287. 

—  soror,  Zett.,  L.,  Umb.  195  :  Comp. 
238.  '  * 


vemalis,Fall.,  L.,  Ran.  10  ;  Comp. 
274.  ^ 

Chrysochlamyscuprea,  Scop.,  L,,  PapaT. 

nificomis,  F.,  L.  Sid.,  Camp.  278. 

Chrysogaster  renea,  Mgn.,  T.,  Cruc.  84. 

chalybeata,  Mgn.,  T.,  Umh.  179. 

ccemeteriorum,  L.,  L.  T.,  Umb,  179, 

184. 


27. 


Macquarti,  Loew,  L.,  Ran.  7  ;  Cnir. 

viduata,  L.,  L.,  Umb.  179  194  1P5- 

Ran.  5,7:  Ros.  149,  127;  Bor.'306;' 
Comp.  262. 

Chrysotoxum  arcuatum,  L.,  Sid.,  Ran.  7 : 
Ros.  135. 

bicinctum,  Pz.,  Sid.  T.,  rmh  19S 

194;Gcr.n.79;R.s.  143';P™J:    '^': 

— -  festivum,  L.,  L.  T.,  Umb  192  194 
^n.  7  ;  Fagop.  369  ;  Ros.  127  ;Valr: 

— ^octomaculatum.    Curt.,     T.,    Eric. 

55  ;    Ros.  149  ;  Lab.    388  •  JaJ    9M  • 
Comp.  251,  229,  238,  274   '  ''*^  ^^ ' 

arbustorum,  L.  (4 — 6\     T     qi^   t 

Th..  Umb.    173.  ik.   lT6,''n|"in: 
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.  176,  187,  188,  192, 194, 196, 185, 186  ; 
Clem.  1  ;  Thai.  2,  3  ;  Ran.  6,  7  ;  Berb. 
18 ;  Cnic.  27,  28,  38,  40  ;  Parn.  167  ; 
Salix  378  ;  Hyper.  68  ;  Til.  73  ;  Fagop. 

.  869  ;  Polygon.  371  ;  Gary.  65,  60,  63, 
65 ;  Ro8.  161,  162,  163,  142,  130,  131, 
133, 127, 129  ;  Convolv.  311 ;  Bor.  306  ; 
Scroph.  317;  Lab.  340,  342,  338  ;  Ascl 
295  ;  01.  291 ;  Plant.  368 ;  Hott.  289  ; 
Eric.  285  ;  Caprif.  200,  199  ;  Scab.  211, 
212  ;  Jas.  283 ;  Comp.  269,  248,  250, 
246,  226,  229,  233,  227,  228,  234,  237, 
238,  223,  221,  216,  216,  217,  218,  219, 
214,  266,  263,  275,  276,  262,  271,  272, 

.    273,  270,  261 ;  Valer.  208,  209  (alto- 

.    ^ether  91  visits.) 

Enstalisintricaiios,  L.,  L.,  Ran.  11;  Salix 

.  106  ;  Fagop.  369 ;  Ros.  161,  163,  138, 
127  ;  Lab.  349  ;  Eric.  285  ;  Scab.  211, 
212 ;  Comp.  248,  274. 

^—  horticola,  Mgn.,  L.  Sid.,  Orch.  18  ; 
Umb.  177,  181,  194  ;  Ros.  162,  130  ; 
Eria  285;Samb.  198  ;  Comp.  229,  237, 
271,  272  ;  Valer.  208. 

—  nemorum,  L.,  L.  Sid.  T.  Th.,  Umb. 
172,  178, 179,  187, 192,  194, 186, 184  ; 

..  Thai.  2,  3  ;  Ran.  5,  7  ;  Berb.  18  ;  Cruc. 
34,  37,  38  ;  Parn.  167  ;  Hyper.  68  ;  Til. 
73  ;  Fagop.  369  ;  Cary.  66,  60  ;  Onagr. 
169  ;  Ros.  161,  162, 163,  148,  130,  131, 
133, 127  ;  Scroph.  317  ;  Lab.  366,  340, 
842,  338  ;  Ascl.  295  ;  01.  292 ;  Hott. 
289  ;  Caprif.  199,  200  ;  Scab.  211,  212, 
218  ;  Comp.  268,  248,  260,  226,  229, 
233,  227,  234,  237,  238,  221,  206,  216, 
218,  214,  263,  274, 262,  270,  261 ;  Valer. 
208  (altogether  66  visits). 

pertinax,  Scop.,  L.,  Umb.  190,  194, 


186,  183;  Salix  378;    Fagopyr.  869; 
Ros.  163,  133  ;  Comp.  217,  274. 
sepnlcralis,  L.,  L.  Sid.  Th.,  Alism. 


898  ;  Umb.  176,  187,  192,  194,  196  ; 
Clem.  1  ;  Thai.  2,  3  ;  Ran.  7  ;  Croc.  88; 
Hyper.  68  ;  Rut.  84  ;  TU.  78  ;  Polygon. 
869,  371,  372  ;  Cary.  60  ;  Ros.  158, 135, 
138,  142,  145,  130,  188;  Bor.  806^; 
Scroph.  246 ;  Lab.  340,  337,  338 ;  01. 
291  ;  Caprif.  200  ;  Scab.  212 ;  Comp. 
248,  226,  229,  233,  227,  288,  223,  217, 
263,  274,  262,  271,  270,  261 ;  Valer. 
207  (altogether  48  visits). 

tenax,  L.  (7—8),  L.  Sid.  Th.,  Sed. 


.     162,  168  ;  Umb.  172,  192,  194 ;  ThaL 

2,  8  ;  Ran.  7 ;  Berb.  18  ;  Croc.  82,  35  ; 

Sal.  378  ;  Hyper.  68  ;  Euon.  85  ;  Geran. 

76  ;  Til.  73  ;  Polvgon.  869,  371 ;  Onagr. 

169;  Ros.  151, 168, 185, 130, 133, 129  ; 

Phlox.  299  ;    Solan.  312  ;  Ascl.  396  ; 

Caprif.  200, 199  ;  Scab.  211,  212, 213  ; 

Jas.  283  ;  Comp.  248,  250,  258,  245, 

249,  227,  224,  238,  217,  236,  214,  266, 

268,  266,  274,  276,  262,  271,  278,  260  ; 

(altogether  65  visits). 
Eumeros  sabulonum.  Fall.,  L.,  Jas.  288, 

Comp.  225. 


Helophilus  floreiis,  L. ,  L.,  Umb.  172, 176, 

179,  177,  178,  190, 194,  195,  185, 184  ; 
Clem.  1  ;  Ran.  6  ;  Berber.  18 ;  Croc. 
82,  38  ;  Parn.  167  ;  Knon.  86 ;  Rhus 
88;  Rut.  84;  Geran.  78;  Til.  369; 
Fagop.  73  ;  Ros.  152,   153,  148,  142, 

180,  131,  133  ;  Convolv.  311  ;  Scroph. 
319,  326  ;  Caprif.  200 ;  Scab.  212  ; 
Comp.  229,  267  ;  Valer.  208. 

. liueatas,  F.,  L.,  Ran.  7  ;  Cary.  68  ; 

•'    Lythr.  165. 

pendulus,  L.,  L.,  Umb.  177  ;  Berb. 


18  ;  Croc.  30  ;  Cist.  46  ;  Hyper.  68 ; 
Rhus  88 ;  Geran.  76,  80  ;  Cary.  52  ; 
Lythr.  165 ;  Ros.  153,  186,  142 ;  Ub. 
282,  286  ;  Caprif.  200  ;  Scab.  212  ;  Jas. 
283 ;  Comp.  257,  229 ;  Valer.  208. 
trivittatus,   F.     (6—7),     L.     Th., 


Hyperic.  68  ;  Lythr.  165  ;  Papil.  94  ; 

Ech.  310  ;  Lab.  338  ;  Scab.  213. 
^elanostoma  ambigua.  Fall.,    L.,    Ech. 

810. 
mellina,  L.,  L.  T.,  Alism.  19  ;  Umb. 

177,  184 ;  Ran.    7  ;  Croc.   32 ;   Pam. 

157  ;  Hyperic.  68 ;  (Jary.  60 ;  Onagr. 

170  ;  Ros.  145, 151 ;  Papil.  90  ;  Scroph. 

324  ;  Lab.  356,  338  ;  Plant.  367,  368 ; 

Jas.  183  ;  Comp.  222.     This  species  is 

remarkable    for    its    predilection    for 

anemophilous  flowers  ;  1  have  seen  it 

visit  not  only  the  species  of  Plantago, 

but  also  Scirpua  paluairiSf  Artemisia 

Dracunculiu,  and  many  Graminetp.. 
Melithreptus  menthastri,  L.,  L.,  Umb. 

194 ;  Parn.  157  ;  Polygon.  373,  874  ; 

Ros   138  ;  Jas.  283 ;  Comp.  232. 
pictus,  Mgu.,  L.    T.,    Umb.    185; 

Ran.  7  ;  Croc.  37  ;  Hyper.  68  ;  Rut.  84  ; 

Geran.  77,  78  ;  Polygon,  373 ;  Caiy.  62, 

66;  Ros.  145. 

scriptus,  L.,  L.   Sid.,  Alism.  398  ; 


Umb.  195,  185,  184;  Ran.  7;  Croc. 
37  ;  Pam.  157  ;  ttst.  45  ;  Hyperic.  68  ; 
Geran.  76  ;  Polygon.  369,  371 ;  Cary. 
52  ;  Ros.  143, 145,  187  ;  Convolv.  310  ; 
Solan.  314  ;  Lab.  339,  337  ;  Ascl.  296+  ; 
Eric.  287  ;  Jas.  283 ;  Comp.  226,  222, 
223,  217,  265,  262. 
—  strigatus,  Stsg.,  L.,  Ros.  133. 
tseniatus,  Mgn.,  L.  T.  Th.,  Umb. 


179,  177,  195  ;  Ran.  6,  7  ;  Croc.  37, 
88  ;  Paro.  167  ;  Cist.  45 ;  Geran.  78  ; 
Polygon.  869,  371;  Cary.  65,  166; 
Ros.  14i,  145 ;  Convolv.  311 ;  Scroph. 
830;  lAb.  363,  337  ;  Ascl.  295t ;  Comp. 
248,  225,  229,  228,  234,  265,  274,  262, 
271,  272. 

spec,  L.,  Croc.  33. 


Merodon  seneus,  Mgn.,  Th.,   Antheric. 

391, 
Pelecocera  bicincta,  Mgn.,  T.,  Ger.  78.  . 
Pipiza  chalybeata,  Mgn.,    L.,   Ran.    7; 

Croc.  38. 
funebris,  Mgn.,  L.,  Umb.  195 ;  Ran. 
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7  ;  Fagopyr.   369  ;  Ros.   138  ;  Comp. 

270,  261. 
Pipiza  lugubris,  F.,  L.,  Comp.  229!» 

notata,  Mgn.,  L.,  Roa.  16$« 

Pipizella  animlata,  Macq.,  Lr,  iTmb.  175, 

194,  195. 
— -  virens,  F.,  L.  T.,  IJmb.  179,  177, 

190,  194  ;  Kan.  10. 
spec,  L.,  /ts.  283. 


Platycneirus  alfyinianus,  F.,  L.  T.,  Ran. 
7 ;  Bor.  806. 

manicatus,  Mgn.,  L.,  Gary,  60. 

peltatus,  Mgn.,  L.,  Umb.  177 ;  G«ran. 

76 ;  Gary.  65. 

Pyrophaina  8p.,  L.,  Umb.  177. 

Rhingiarostrata,  L.  (including  campestris, 
Mgn.)  (U— 12),  L.,  Lil.  390* ;  Ir.  887t ; 
Thai.  2 ;  Ran.  11 ;  Bcrb.  18  ;  Papav.  21 ; 
Cruc.  28,  30,  34,  35,  40  ;  Geran.  76,  78, 
79,  80  ;  Malv.  69 ;  Polygon.  370  ;  Gary. 
65,  62,  52»,  57,  59* ;  Lythr.  165;  Roe. 
150,  152,  153,  148. 134,  135, 138,  139, 
145,  136,  133,  129  ;  Papil.  112  ;  Bor. 
810,  300,  304,  305 ;  Solan.  818  ;  Scroph. 
818,  324 ;  Lab.  366,  859t,  361»,  352, 
853,  349 ;  01.  291  ;  Plant.  868  ;  Hott. 
289  ;  Eric.  285  ;  Gaprif.  202,  203,  204  ; 
Scab.  211,  212 ;  Gamp.  279 ;  Gomp.  257, 
259,  217,  274  ;  Valer.  209  (67  risits). 

Serycomyia  borcfdia.  Fall,  T.  Th.,  Eric. 
287. 

lappona,  L.,  Sid.,  Gomp.  272. 

Syritta  pipiens,  L.,  L.  Sid  Th.,  Alism. 
398  ;  Gross.  158,  161  ;  Umb.  176,  179, 
177,  178,  175,  187,  188, 190,  192,  193, 
194,  195, 185,  186, 184;  Clem.  1 ;  Thai 
3  ;  Ran.  6,  7  ;  Papav.  21  ;  Cruc.  27, 28, 
37.  38 ;  Res.  42;  Pam.  157  ;  Viol.  46  ; 
Salix  378  ;  Euon.  85  ;  Rhos  88  ;  Rut. 
84  ;  Geran.  80 ;  Polygon.  369,  370*, 
371,  372,  373.  374 ;  Gary.  66,  60,  61,  63, 
55  ;  Lythr.  165  ;  Ros.  151,  148,  149, 
135,  138,  139,  142,  145, 130,  131,  183  ; 
Bor.  805  ;  Solan.  312,  313 ;  Scroph.  317, 
319,  325,  326 ;  Ub.  340,  339,  337,  338  ; 
01.  291 ;  ^rim.  290  ;  YAc.  287  ;  Rubiac. 
206  ;  Jas.  283  ;  Comp.  248,  225,  229, 
233,  227,  228,  234,  238,  220,  216,  217, 
263,  260  ;  Valor.  207  (89  visits). 

Syrphus  arcuatus.  Fall.,  L.  T.,  Umb. 
177 ;  Ros.  140  ;  Bor.  310  ;  Comp.  265, 
275. 

balteatus,  Deg.  (2),  L.  T.,  Papav. 

21  ;  Cru<\  87  ;  Parn.  157  ;  Salix  378  ; 
Hyjier.  68  ;  Geran.  78  ;  Gary.  55  ; 
Gonvolv.  311  ;  Plant.  368  ;  Gamp.  278  ; 
Comp.  266,  265,  275,  262,  271,  278. 

corollffi,  F.,  L.,  Umb.  185 ;  Gomp. 

229. 

deconis,  Mgn.,  T.,*Cruc.  35. 

excisus,  Zett.,  L.,  Parn.  157  ;  Roa. 

133. 

glaucius,  L.,  L.,  Umb.  194. 

nitidicollis,  Mgn.,  (8),  L.  T.,  Umb, 


179,  181  ;  Rut.  84  ;  Ros.  179  ;  CodtoIt. 

811 ;  Gomp.  229,  274,  271. 
Syrphus  ochroatoma,  Zett.,  L.,   Caprid 

202. 
pyrastri,  L.,  L.  T.,  Umb.  179,  177, 

181,  192,  194,  195 ;  Clem.    1 ;    Pani. 

157  ;  Gist.  45  ;  SaUx  378  ;  Geran.  78 ; 

Fagopyr.  869 ;  Gary.  57  ;  Ros.  150;  Bor. 

810  ;  Lab.  888  ;  Scab.  212  ;  Jaa.  288 ; 

Gomp.  224,  274,  271. 
nbesii,  L.  (8—4),  L.  T.,  Umb.  179, 

177,  178,  194, 185  ;  Ran.  7  ;  Pam.  157 ; 

Cut.  45 ;  Salix  878  ;  Hyper.  08  ;  Eaon. 

85  ;  Rut.  84  ;  Geran.  78  ;  Polygon.  870 ; 

CVtry.  65 ;  Onagr.  166  ;  Rob.  133  ;  Plant. 

367 ;  Rubiac.  205  ;  Scab.  311 ;  Comp. 

224,  234,  237,  265. 
umbellatanim,  Mgn.,   Sid.,    Comp. 

287. 
spec.,  L.,  Cruc.  27  ;  Cary.  60  ;  Roa. 

138, 139 ;  Scroph.  380 ;  Eric  :I87  ;  C^Mnpi 

248,  263. 
Tropidia  mileaiformia,  FalL,  L., 
Volucellabombylans,  L.  (7 — 8),  L.  Sid.  T., 

Orch.  890  ;  Polyg.  370  ;  Caiy.  64  ;  Roa 

147,  130;  Pap.   98.  100»  ;   Lab.   850; 

Eric  286  ;  Scab.  211  ;  Jaa.  283  ;  Comp. 

258,  225,  287,  271 ;  Valer.  208. 
hsemarrhoidaliB,     Zett.,     L,    Eric. 

286. 
pellucens,   Ij,,    L   T.    Sid.,    Umb. 

178 ;  Cruc.  84 ;  Til.  73  ;  Roe.  184,  185 ; 

Plant  867;  Samb.   199;    Scab.    211; 

Gomp.  225,  229,  237,  270. 
plumata,  L.,  L.,  Cary.  67  ;  Lythr. 

165;  Ros.  133;  Pap.  116  ;  Eric.  286; 

Scab.  211. 
Xanthogramma  citrofaaciata,    Deg.,  L, 

Umb.  176  ;  Euon.  85  ;  Ros.  144. 
Xylota  femorata,  L.,  T.,  Umb.  182. 

fiorum,  F.,  Sid.;  Umb.  194. 

ignava,  Pz.,  L.,  Clem.  1  ;  Roe.  133. 

leuta,  Pz.,  L.,  Clem.  1  ;  Roa.  188. 

segnis,  L.,  L.,  Roe.   153,    183 ;  OL 

291».  Gaprif.  202. 
silvaram,  L.,  Sid.,  Lab.  852*. 


K.   Tabanidx  (4  species,  9  visits). 

Chrysops  cciecutiens,  L.,  L.,  Umb.  181 ; 

Gary.  55 ;  Ros.  142  ;  Lab.  285. 
Tabanus  luridus,  Pz.,  L.,  Valer.  208. 

micans,  Mgn.,  L.,  Umb.  181. 

rusticns,  L.,    L.,  Sid.  Th.,  Umb. 

194 ;  (^omp.  248,  225. 

L.  TherevicUz  (1  species,  1  visit). 
Thereva  anilis,  L.,  L.,  Umb.  179. 

Nematocera  (22  species,  41  visits). 

M.  BibtonidoD  (5  species,  12  visits). 

Bibio  hortulanus,  F.,  L.  T.,  Umb.  177, 

185,  186  ;  Euon.  85  ;  Ros.  133. 
Johaunia,  L.,  L.,  Salix  878.* 
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Bibio  Marci,  L.  L.,  Saliz  378  ;  Ros.  153, 

127. 
Pilophos  valgarifl,  Mgn.,  L.,   Rob.  150, 

152, 153. 
Scatopse  soluta,  Loew,  L. ,  AristoL  375. 

N.  CecidomyidoB  (2  visits). 

Undetermined :  Adoxa  814  ;  Chiysospl. 
155. 

0.  Chironomidcc  (3  species,  4  visits). 

Ceratopogon  sp.,  L.,  AristoL  375;  Ros, 

133. 
Chironomus  sp.,  L.,  Aristol.  375. 

Undetermined  genus,  ChrysospL  155. 

P.  Culicidce  (1  species,  1  visit). 
Culex  pipiens,  L.,  L.,  Rhamn.  86. 

Q.  Mycetophilidcd  (5  visits). 

Undetermined  :  Adoxa  314  ;  ChrysospL 

155. 
Platycera  sp.,  L.,  Umb.  194. 
Sciara  ThomaB,  L.,  L.  Th.,  Umb.  172  ; 

Comp.  238. 

R.  Psyckodidce  (1  species,  1  visit). 

Psychoda   phalsenoides,    L.,   L.,   Arum 
391. 

S.  SimuUdce  (2  visits). 

Simulia  spec,   Adoxa  198  ;  ChrysospL 
155. 

T.   Tipulida;  (5  species,  13  visits). 

Tipula  oleracea,  L.,  L.,  Pam.  157  ;  Ros. 

135. 
spec.,  L.,  Umb.  177,  192  ;  Valer. 

390. 
Pachyrrhina  crocata,  L.,  L.  Sid.  T.,  Umb. 

179,  181,  185  ;  Rubiac  205. 

. historio,  F.,  L.,  Umb.  179,  194. 

pratensis,  L.,  L.,  Umb.  185  ;  Ros. 

133. 


III.  HEMIPTERA  (6  species,  15  visits). 

Anthocoris  sp.,    L.,   Umb.    178  ;  Salix 

378. 
Capsus  sp.,  L.  Th.,  Umb.  194  ;  Lythr. 

165 ;    Papil.    91t  ;  Comp.   258,   255, 

231,  228,  238. 
Kabis  sp.,  L.,  Convolv.  31  If.- 


Umb.  195. 


Pyrocoris  aptera,  L.  (4),  L.,  Comp.  274. 
Tetyra  nigrolineata,  L.,  Th.,  ~" 
Undetermined   genus,    L.,    Umb.    194 ; 
Comp.  234. 


IV.  HYMENOPTERA  (368  species, 
2,750  different  visits). 

A.  ApidcB  (205  sj^ies,  2,191  different 
visits). 

AndrcMb  (51  species,  219  different  visits). 

Andrena  albicans,  K.  (2 — 2|),  L.  T., 
Cypr.  386  ;  Gross.  158,  161 ;  Umb. 
179,  177  ;  Clem.  1 ;  Ran.  4,  7,  9,  11  ; 
Berber.  18 ;  Coryd.  22t ;  Cruc.  34  ; 
Viol.  46*  ;  Salix  378,  379  ;  Rhus  88  ; 
Polygon.  370 ;  Cary.  66,  60 ;  Ros. 
150,  151,  152,  153, 148, 149,  139,  133, 
127,  129 ;  PapiL  111 ;  Myos.  305, 
306  ;  Lab.  359t,  349* ;  Caprif.  203*  ; 
Comp.  225,  274  ;  Valer.  209. 

albicrus,   K.   (8),   L.,   Umb.  173, 

179  ;  Ran.  6  ;  Cruc  29  ;  Salix  378  ; 
Fagop.  369 ;  Cary.  66 ;  Ros.  152,  134, 
135, 139,  140,  133  ;  Papil.  108* ;  Ech. 
810  ;  Comp  274. 

apicata,  Sm.,  L. ,  Sal.  378. 

argentata,  Sm.  =  gracilis,  Schenck 

(2—24),  L.,  Cary.  60  ;  Salix  878  ;  Ros. 

139  ;  Jas.  283 ;  Comp.  225,  274. 
atriceps,  K.=  tibialis,  K.  (34),   L., 

Cypr.  12 ;  Salix  378  ;  Ros.  152,  153  ; 

PapU.  Ill  ;  Eric.  285 ;  Comp.  274. 
oicolor,  F.  =ffistiva,  Sm.,  L.,  Fagop. 

369. 
Cetu,  Schr.  (34),  L.,  Scab.  212. 

chrysosceles,  K.,    L.,    Salix  378  ; 

Ros.  153,  139  ;  Comp.  225. 

cineraria,  L.,   (4),  L.,  Salix  878  ; 

Cary.  65  ;  Comp.  274. 

cingulata,  F  ,  L.,  Sed.  162  ;  Ran. 

8  ;  Comp.  274. 
coitana,  K.,  Sid.  Th.,  Umb.  194  ; 

Hyper.   68  ;  Geran.  178  ;   Malv.  72  ; 

Ros.   130  ;  Scroph.  323t  ;   Lab.  856 ; 

Camp.    277,    278  ;    Jas.   283 ;    Comp. 

253,  268,  272. 
Collinsonana,  K.  =proxiina,  K.,  L., 

Umb.  179,  185,  184  ;  Salix  378  ;  Ros. 

151  ;  Comp.  274. 
convexiuscula,    K.,  L.,  Ros.    152 ; 

Papil.  98,  95,  119  ;  Scab.  212  ;  Comp. 

274. 

denticulata,  K.  —  Listfirella,  K.,  L. 

Sid.  T.  Th.,  Ros.,  143  ;  Papil.  94  ; 
Lysim.  290*  ;  Comp.  225,  234.  238, 
215,  268,  263,  264,  265,  273,  270. 

dorsata,  K.  (3),  L.  T.,  Umb.  179, 

192  ;  Papav.  20  ;  Cruc.  30,  36  ;  Salix 
378 ;  Hyper.  68 ;  Geran.  76,  78  ; 
Polygon.  369,  871  ;  Cary.  ^%  ;  Ros. 
152,  153,  149,  138,  139,  133,  127  ; 
PapiL  104,  96;  Scroph.  318;  Eric 
287  ;  Jas.  283  ;  Comp.  248,  225,  263, 
265,  274. 

eximia,  Sm.  (34),  L.,  Salix  377. 

fasciata,    Wesm.    (3 — 4),    L.,   Ros. 

127  ;  Papil.  100*  ;  Myos.  306  ;  Comp. 
274. 

T  T   2 
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Andrena  Flessse,  Pz.,  L.,  Salix  378. 

ilorea,  Lep.  =nibricata,  Sm.  (3),  L., 

Bry..l71. 

fucata,  Sm.  =clypeari8,  Nyl.,  Sid. 


Th.,  Umb.  179,  194,  185 ;  Ros.  148, 
138. 

fulva,  Schr.  (3),  L.,  Lil.  894  ;  Gross. 


160,  161  ;  Berb.  18 ;  Ros.  153,  127, 
129  ;  Scroph.  818*  ;  Lab.  848* ;  Eric. 
285  ;  Comp.  274. 

fulvago,  Chr.,  L.  T.  Th.,  Umb.  179 ; 

Geran.  78 ;  Jas.  283 ;  Comp.  267,  268, 
273,  270. 

fulvescens,  Sm.,  L.  Sid.,  Umb.  181; 


Ran.  10  ;  Pap.  108*  ;  Comp.  267,  268, 

268,  274,  272,  273,  269,  270. 
- — fulvicnia,  K.  (8— 8J),  L.  Th.,  Cypr. 

386  ;  Umb.  177  ;  Ran.  4,  7  ;  Berb.  18  ; 

Papav.  20  ;  Croc.  89  ;  Cist.  171  ;  Bry. 

45 ;  Salix.  878  ;  Gcran.  76  ;  MalT.  69  ; 

Fagop.  369 ;  Ros.  163,  139,  133,  127  ; 

Papif.   98,  100*,  94,  108,  110,   112  ; 

Scroph.  324  ;   Lab.  849  ;   £ric.  287  ; 
.    Camp.  278 ;  Jas.   283 ;    Comp.   248, 

225,  227,  234,  238,  236,  264,  274,  271, 

278,  260. 
fuscipes,  K.  =pubescen8,  K.,  L.  T., 

£ric.  287  ;  Jas.  283  ;  Comp.  225. 
Gwynana,  K.  (24),  L.  Sid.  T.  Th., 


Gross.  158,  161  ;  Clem.  1  ;  Ran.  9  ; 
Cruc.  80,  39  ;  Salix  378,  379  ;  Geran. 
78,  80  ;  Malv.  69  ;  Fagop.  66  ;  Gary. 
369  ;  Ros.  151,  158,  135,  127;  Scroph. 
820,  324;  Prim.  288;  Eric.  285; 
Scab.  211  ;  Camp.  277,  278,  279,  281; 
Comp.  248,  253,  237,  286,  274. 

—  Hattorfiana,  F.  (5^—7),  L.  Sid.  Th., 
Gary.  63  ;  Scab.  211  ;  Jas.  283. 

—  hclvola,  L.  (including  varians,  Rossi, 
and  mixta,  Schcnck^  L.,  Umb.  179  ; 
Berb.  18  ;  Salix  378  ;  Fagop.  369  ; 
lies.  153,  136*,  183  ;  Jas.  283 ;  Comp. 
274. 

—  labialis,  K.,  L.  Th.,  Papil.  90,  119*, 
116  ;  Ech.  SIO;  Ub.  366. 

lepida,  Schenck.,    L.,   Umb.    174, 


Comp.  225. 
—  minutiila,  K.,  L.,  Umb.  177,  191  ; 
Comp.  227. 

nana,    K.,   L.,    Gross.  158,     160 ; 


Umb.  177,  194,  195  ;  Crtic.  39,  40  ; 
Salix  378  ;  Fagop.  369  ;  Ros.  189, 
140  ;  Comp.  248,  225,  227. 

nigroseuea,    K.    (3^ — 4),    L.    Sid., 


Cypr.  12  ;  Umb.  177  ;  Cruc.  39  ;  Res. 
43  ;  Bry.  171  ;  Salix  378  ;  Ros.  134, 
133  ;  Papil.  116  ;  Lab.  340  ;  Eric.  284*, 
285  ;  Comp.  229,  227,  274. 

—  nigriceps,  K.,  L.,  Comp.  225. 

—  nitida,  K.  (3J),  L.,  Gross.  161  ; 
Coryd.  28t  ;  Salix  378 ;  Gary.  57*  ; 
Ros.  153  ;  Lab.  366*,  359  ;  Comp.  274. 

—  parvula,  K„  L.  Sid.  Th.,  Cvpr.  884*; 
Sed.  162;  Umb.  179, 177, 181,*180, 192, 


195,  185 ;  Ran.  9,  10  ;  Crnc  30,  SI, 
38  ;  Salix  378  ;  Geran.  78  ;  Malr.  69 ; 
Gary.  65,  66 ;  Ros.  151,  153,  139, 143, 
183,  127,  128  ;  Scroph.  319,  325,  328; 
Eric.  287 ;  Comp.  217,  236,  263,  274. 

Andrena  pilipes,  F.  (3),  L.  T.,  Umb.  179, 
190  ;  Croc.  38  ;  Salix  378  ;  Fagopi 
369 ;  Ros.  149  ;  Scroph.  317  ;  1^ 
285  ;  Jas.  286  ;  Comp.  257,  248,  225. 

pratensis,    Nyl.      =     ovina,    KL 

(4-5),  L.,  Cypr.  12  ;  Salix  878,  879; 
Comp.  274. 

punctulata,    Schetick,     L.,    Stliz 


378. 


—  rosae,   Pz.,  L.  T.   Th.,  Umb.  17J, 
180,  194  ;  Salix  378  ;  Ros.  127. 
Schrankella,  Nyl.  (4),  L.  Th.,  Cnt 


27;  Salix  878;  Roe.  153,  186,  127; 
PapU.  100*  ;  Comp.  265,  227. 

—  simillima,  Sm.,  T.,  Eric.  287. 

—  Smithelk,  K.  (2),  L.,  Gross.  160; 
Berb.  18  ;  SaUx  378,  379  ;  Ros.  152 ; 
Comp.  274. 

—  thoracica,  K.,  L.,  Ros.  135. 
Trimmerana,    K.,     L.,    Beih.  18; 


Salix  878  ;  Ros.  153,  133. 

—  varians,  Rossi,  L.,  Salix  378. 

—  ventralifl,  Imh.  (2— 2|),    L.,  Salix 
878,  379. 

yitrea,   Sm.    =    nitens,    Schrnck, 


Cassel,  Comp.  248. 

—  xanthnra,  K.  (3),  L.  Sid.,  Papd 
90,  100,  101,  95,  111,  108  :  Comp. 
274,  270. 

—  spec,  L.,  i£sc.  87. 


Anihidium  (3  species,  16  visits). 
Anthidium  manicatmn,    L.     (9 10),  L 

Sid.  Th.,  Pap.  90,    100,  92»  ;  Scropi- 

820  ;  Lab.   864,   352,    346,   347,  837 : 

Comp.  258. 
punctatum,    I^tr.   (5J),    Sid.   TIl, 

Pap.  90,  92*,  108*. 
strigatum,   I^tr.    (5),    L.  Sid.  "a, 

Papil.  90;  Jas.  283  ;  Comp.  257. 

ArUhx>phora  (5  species,  32  visits). 

Anthophora  ffistivalis,  Pz.  ^  Haworthau, 
K.  (15),  Th.,  Papil.  102  ;  Lab.  847. 

furcata,  Pz.  (11^12),  L.  SW.  TL, 

Ech.  310  ;  Lab.  864,  852,  355 

pilipes,  F.  (19—21),  L.  T.,  Lil.S94; 


Dicl.  22;  Coryd.  23,  24  ;  Viol.  47; 
Ros.  150  ;  PapiL  100,  118  :  Bor.  SiH 
304  ;  Lab.  866,  859,  362,  363.  349; 
Vine.  293 ;  01.  291  ;   Prim.  287. 

qaadrimaculata,  F.  (9 lo)  T  Sii. 

Th.,  Malv.  70;  Papil.  92  ;  Ech.  MO; 
Scroph.  365  ;  Lab.  364,  352,  386. 

retusa,  L.  (16—17),  L.  Pedic  881 

Apis  mellifica,  L.  ^  (6),  L.,  T.  Sid.  11. 
(189  visits),  Lil.  391,  388  ;  SuC 
389  ;  Ir.  387*  ;  Gal.  896  ;  Or«h.  581 
388,  384  ;  Berg.  166  ;  G«)8a.  159, 160; 
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Umb.  172,  179,  194,  186,  186  ;  Clem. 
1  ;  Thai.  2,  3  ;  Anem.  4  ;  Ran.  5,  7, 
9,  11,  12  ;  Ag.  13 1 ;  Berb.  18  ;  Did. 
22t  ;  Coryd.  28t,  24t ;  Fum.  26 ; 
Cruc.  27,  29,  30,  81,  34,  35,  39,  40, 
41 ;  Res.  42,  43  ;  Viol.  47  ;  Cist.  61  ; 
Bry.  170t  ;  Salix  378,  379  ;  Rhamn. 
86  ;  .^sc.  87  ;  Polygal.  45  ;  Rhus.  88, 
89 ;  Rut.  84  ;  Geran.  77,  80,  83  ;  Lin. 
75 ;  TiL  73 ;  Malv.  69,  70,  71,  72  ; 
Polygon.  369,  370 ;  Cary.  65,  62,  67  ; 
Lythr.  165  ;  Onagr.  166,  169 ;  Roe. 
160,  151,  152,  153,  148,  134,  135,  138, 
139,  142,  136t,  130,  133,  127,  129; 
Papil.  90,  98,  100+,  101,  103,  105,  96, 
97,  93t,  94,  95,  92,  111,  108, 109,  110, 
111,  107,  121,  122,  117,  118t,  119t, 
114,  116  ;  Convolv.  311  ;  Ech.  310  ; 
Bor.  301,  300t,  302,  306  ;  Solan.  314, 
815  ;  Scroph.  318,  319,  320,  324,  325, 
327,  332,  330,  336} ;  Lat.  866,  364, 
359t,  362,  363,  360t,  355.  349t,  347, 
348,  344,  340,  342  ;  Ascl.  295 ;  01. 
291  ;  Plant.  367 ;  Prim.  288*  ;  Eric. 
286},  287,  284,  285 ;  Rubiac.  207  ; 
Caprif.  201,  202,  203,  204  ;  Scab.  211, 
212,  213  ;  Camp.  277,  278,  279  ;  Jas. 
283  ;  Comp.  257,  258,  269,  248,  249, 
250,  253,  244,  227,  234,  237,  238,  215, 
217,  236,  214,  266.  263,  274,  276,  271, 
270,  260 ;  Valer.  208,  209. 

Bonibua  (17  species,  509  visits). 

Bombus  agroram,  F.  (=  muscorum,  L.), 
(10—16),  L.  T.,  Sid.  Th.,  SmU.  390; 
Ir.  387  ;  List.  380  t ;  Orch.  382  ;  Sed. 
164  ;  Aq.  13 ;  Papav.  21  ;  Coryd.  25  ; 
Viol.  48  ;  Hypenc.  68  ;  Rhamn.  86  ; 
Til.  73;  MalT.  69,  70;  Cory.  67; 
Lythr.  165;  Onagr.  166,  169;  Ros. 
150,  148,  135  ;  Papil.  90,  100,  104, 
120,  117,  118,  116  ;  Ech.  310,  300, 
302,  304  ;  Solan.  315  ;  Scroph.  317,  321, 
822,  323,  330,  835,  333  ;  Lab.  365,  360, 
356,  357.  858,  362,  353,  349  ;  Gent. 
296  ;  Vine.  293,  294  ;  Eric.  286,  284, 
285  ;  Symphor.  201  ;  Dips.  210,  211, 
212  ;  Comp.  241,  257,  268,  249,  246, 
243,  244,  256  (68  visits). 

Barbutellus,  K.   (Apathus*)  (12), 

L.  Sid.  PapiL  100  ;  Ech.  810  ;  Scroph. 
326,  334;  Lab.  849;  Scab.  211; 
Comp.  274,  272  (9  visits). 

campestris,  Pz.  (Apathu8)(10 — 12), 


L.  T.,  Orch.  382  ;  Sed.  154 ;  Onagr. 
166 ;  Ros.  135,  100,  116  ;  Ech.  310 ; 
Eric.  285 ;  Scab.  211  ;  Comp.  256, 
260,  244,   238,    215  (14  visits). 

confusus,  Schenck  (12— 14),  L.  Th., 

Orch.  382,  383,  884 ;  Onagr.  166 ; 
Ros.  136  ;  Papil.  100,  119,  116  ;  Lab. 

'  Dr.  Kriecbbaumer  t«lli  me  that  the  Dame 
Pfitkynu  is  older  than  Apathu;  and  P.  mII««». 
Pz.,  older  then  BarbuUlluf,  K. 


8e6,   349 ;    Prim,    288 ;    Eric.    285 ; 

Comp.  241,  268,  274,  273  (16  visits). 
Bombus  fragrans,  Kirby*  (16),  L.,  Orch. 

884  ;  Salix  878  ;  Ros.  136  \  Pap.  100  (4 

visits). 
hortorum,  L.«  (18—21),  L.  Sid.  Th., 

Colch.  395  ;  Smil.  390  ;  Ir.  387  ;  Orch. 

382,  383,  384  ;   Berg.   156  ;  Aq.  13  ; 

Delph.  14,  15;  Aconit.  17;  Did.  22; 

VioL  47  ;  Salix  378  ;  Malv.  69  ;  Pom. 

160  ;  Ros.   134,   136,  186,  129 ;  Pap. 

91, 125, 117, 119  ;  Ech.  310  ;  Bor.  304  ; 

Scroph.  319,  320,  321,  323,  334,  335, 

333  ;  Ub.  366.  359, 361,  362, 360,  352, 

849 ;  Vine.  293 ;  01.  291 ;  Prim.  288  ; 

Eric.  285  ;  Scab.  211 ;  Jas.  283  ;  Comp. 

248,  247  (49  visits). 
hypuorum,    L,    (10—12),   L.   Sid. 

T.  Th.,  Ros.  136  ;  Ech.  310  ;  Scroph, 

334,  365,  864i;  Ascl.  295 ;  Scab.  211 

(7  visits). 

hipidarius,  L.  (8—14),  L.  Sid.  T. 


Th.,  Orch.  382,  383,  884  ;  Sed.  164 ; 
Viol.  46,  47,  49  ;  Salix  878  ;  iEsc.  87  ; 
Polygal.  61 ;  Malv.  69 ;  Fagop.  869  ; 
Cary.  57  ;  Onagr.  166,  169  ;  Ros.  160, 
136,  129;  Papil.  100,  101,  92,  111, 
112,  107,  118,  119  ;  Ech.  310  ;  Bor. 
300},  302,  304  ;  Scroph.  321,  332, 
333  ;  Ub.  366, 364,  859,  358,  355,  349  ; 
Vine.  293  ;  01.  291 ;  Prim.  288  ;  Eric. 
284  ;  Dips.  210,  211,  212,  213  ;  Camp. 
277,  279  ;  Comp.  240,  241,  242,  257, 
258,  255,  248,  250,  251,  257,  245,  246, 
238,  266,  274,  271,  270  (65  visite). 
—  muscoiiim,  F.  (=  senilis,  F.  Smith) 
(10—14),  L.  T.  Th.,  Orch.  882  (?),  383, 
384  ;  Cist.  46  ;  Papil.  100,  102,  94.  91, 
116;  Ech.  810;  Bor.  302;  Scroph. 
818,  381 ;  Lab.  366,  864  ;  Rubiac.  207  ; 
Caprifol.  201,  204  ;  Comp.  240,  241, 
258.  246,  274  (23  visits). 

pratomm,  L.  (8—12),  L.  Sid.,  All. 


892  ;  Orch.  382,  383,  384  ;  Gross.  162  ; 
Berb.  18 ;  Chelid.  21 ;  Diclytr.  22} ; 
Salix  378  ;  Onagr.  166  ;  Ros.  134,  185, 
136;  Papil.  98,  100},  128,  116;  Ech. 
310;  Bor.  301,  300},  302,  304,  315; 
Scroph.  330,  334},  335},  364;  Lab. 
866,  359,  362,  368,  360,  352,  355,  849, 
841  ;  Plant.  367  ;  Eric.  285 ;  Caprif. 
201,  204  ;  Scab.  211,  212  ;  Camp.  S77  ; 
Comp.  257,  253,  246,  247,  237,  238, 
272,  208  (52  visits). 

Rajellus,  111.  (10^-13),  L.,  Ir.  387  ; 

Sed.  162 ;  Papav.  21  ;  Did.  22} ; 
Viol.  47  ;  Cary.  67  ;  Papil.  100,  101, 
117,  118  ;  Ech.  810;  Bor.  800,  304  ; 

'  Acoordinff  to  Dr.Kiiechbanmer.B.  yyo^rant, 
K.,  ii  quite  dittinct  from  B.  fragratu^  Pall.,  a 
Siberian  speciea.  The  latter  moat  be  called 
B.  dittinffuenduMf  Moraw.  and  Is.  perhape. 
identical  with  B.  elegam,  Beidl. 

'  Including  B.  nuUratM$,  F. 
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Scroph.  334  ;  Lab.  364,  359,  861t,  363, 

360, 349  ;  Eric.  286  ;  Scab.  211 ;  Comp. 

253,  268  (23  visits). 
Bombus  rupestris,  F.  (Apathus)  (11 — 14), 

L.  T.  Th.,  Papil.  100,  116  ;  Ech.  310 ; 

Lab.  364,  349 ;  Dips.  310,  211,  212  ; 

Jas.  283  ;  Coin  p.  241,  257,  258,  255, 

215  (14  visits). 
Scrimshiranus,  K.  (10),  L.  T.  Th., 

Gross.  161 ;  Salix  378 ;  Ros.  135,  136, 

133;    PapU.  117,  116;  Scroph.  319, 

334,  333f,   358,  355  ;    Eric.  284   (13 

visits). 

senilis,  F.  Smith  ( =  B.  muscomm, 


F.i)  (11—16),  L.,  Orch.  383  ;  Ros.  136, 
133  ;  Papil.  100,  119,  116  ;  Bor.  304  ; 
Scroph.   334,  359;   Gent.  296;  Eric. 
286;  Scab.  212  (12  visits). 
—  sUvarum,  L.  (9—14),  Fig.  15,  L.  T. 
Th.,  Orch.  383  ;  Sed.  164  ;  Malv.  69 ; 
Lythr.  165;    Onagr.   169;   Ros.  184, 
135,  136,   100;  PapU.  91,   118,   119, 
116  ;  Ech.  310  ;  Bor.  300,  302,  804  ; 
Scroph.  321,  332,  334,  333  ;  Lab.  366, 
364,   859,  360,  356,    358,   353,    355, 
349,  346,  847  ;  Gent.  297  ;  Prim.  288  ; 
Eric.  286,  285 ;  Scab.  211,  212 ;  Jas. 
283 ;  Comp.  240,  241,  257,  258,  259, 
246,  244,  268,  274  (48  visits). 

terrestris,   including  lucorom,   L. 


Camp.  277,  278,  279,   280 ;  Jms.  288 ; 

Comp.  246,  263. 
Chelostoma  florisomne,  L.  =  maxillosiim, 

L.  (31—4),  L.  Th.,  Ran.  7,  8  ;  Camp. 

280  ;  Comp.  274. 
nigricome,  Nyl.  (4^-44).  L.  T.  Sld. 

Th.,  Geran.  77,    78;    MalT.    69,  72; 

Ech.  310  ;  Lab.  886  ;  Camp.  277,  278, 

279,  280,  281 ;  Comp.  225. 

Cilissa  (8  species,  16  visits). 

CiUssa  haemarrhoidalis,  F.  (3 — 4),  L 
Sid.,  Malv.  69,  71 ;  Lab.  855  ;  Comp. 
277,  278,  279. 

leporina,  Pz.  =tricincta,  K.  (8i),  L 

Th.,  Sed.  162  ;  PapU.  100,  101,  94, 
92 ;  Jas.  283 ;  Comp.  248,  246. 

melanura,  Nyl.  (3—4),  L.  Sid.  T., 

Lythr.  165  ;  Comp.  278. 

Ccelioxys  (6  species,  28  visits). 

Coelioxys  acuminata,  Nyl.,  Th.,  Comp. 

242. 
spec,  L.,  Ros.  140  ;  Papil.  90  ;  Lab. 

849,  341 ;  Ascl.  295 ;  Comp.  211. 
conoidea.  111.  =  punctata,  Lep.  (6), 


(7—9),  L.  Sid.  T.  Th.,  LU.  894,  898  ; 

Orch.  382,  384 ;  Gross.    161  ;  Umb. 

194  ;  aem.  1 ;  Ran.  5,  8, 11  ;  Aq.  13t ; 

Berb.    18;    Did.    22t ;   Coryd.   28}, 

24t ;  Cruc.  80  ;  Sal.  878,  379  ;  Hyper. 

68  ;  iEsc.  87  ;  Polygal.  51 ;  Ciry,  57  ; 

Lythr.  165  ;  Onagr.   166 ;   Ros.   150, 

151,  135,  136t,  133,  128  ;  PapiL  90, 

100},  92,   111,  108,  112,  118},  119}, 

115;    Ech.    310;     Bor.    800t,    304; 

Scroph.    317,    320,   321,    323,    834}, 

335},  333}  ;   Ub.    359t,    861},    860}, 

356},  353,  355,  349},  342 ;  Ascl.  295 ; 

Vine.  293  ;  01.  291 ;  Plant.  868  ;  Prim. 

288t  ;  Eric.  286,  287,  284,  285  ;  Scab. 

211,  212  ;  Comp.  241,  242,  258,  255, 

250,  229,  289,  215,  268,  274  (79  visits). 
vestalis,  Fourcr.  (Apathus)  (12),  L. 

Sid.  T.  Th.,  Jr.  387  ;  Ros.  135  ;  Papil. 

100,  117;    Ech.  310;  Scroph.   326; 

Lab.  349 ;  Vine.  293  ;  Eric.  285  ;  Scab. 

211,  212  ;  Comp.  253,  247,  214,  274 

(15  visits). 
Ceratina  ccerulea,  Vill.  (4 — 6),  L.,  Ech. 

310  ;  Jas.  283  ;  Comp.  267. 
Chalicodoma  murario,  F.  (10),  Th.,  Papil. 

116. 

Chelostoma  (3  species,  26  visits). 
Chelostoma CAmpanularum,  K.  (3—34),  L. 
Sid.   T.    Th.,   Malv.  69 ;  Lab.  347t  ; 

'  I  only  lately  became  aware  of  the  identity  of 
these  spfcies  ;  I  have  placed  the  darker  varieties 
under  B.  miMcomm,  F.,  the  light-yellow  ones 
uuder  B.  $enUUi,  Smith. 


L.  Th.,  PapiL  116  ;  Ech.  310  ;  Ub. 

886 ;  Scab.   211  ;    Jas.    283  ;    Comp. 

255,  266. 
quadridentata,  L.  =  conica,  L.  = 

acuta,  Nyl.,  L.,  Papil.  96  ;  Ech.  310 ; 

Scab.  211 ;  Jas.  288  ;  Comp.  242. 
simplex,  Nyl.  (44),   L.,  Bry.  171 ; 

Malv.  69  ;  Ech.  310  ;  Jas.  288  :  Com^ 

218,  266. 
umbrina,  Sm.  =  parvnla,  Schenck, 

L.  Th.,  Ros.   136  ;  Ech.   SIO ;   Uh. 

886. 

Colletea  (4  species,  16  visits). 

CoUetes  cunicularia,  L.  (3^ — 4),  L.,  Salix 

877  ;  Eric.  285. 
Davieseana,  K.  (2 J),  L.  Sid.,  On«r. 

169  ;  PapU.  108  ;  Comp.  225,  229.  22;. 

234,  274,  270. 
fodiens,   K.   (2|),    L..,   PapiL  lOO: 

Comp.  225,  234. 
marginata,  L.  (2),  L.,   P^pQ.  101 : 

Jas.  283  ;  Comp.  227. 
Crocisa  scutellans,  Re.  (7 — 7A)   T  Th. 

Lab.  836.  ^' 

Dasypoda  hirtipes,  F.  (4^ — 5),  Fig.  10. 

1.,  L.  Th.,  Jns.  283  ;  Comp.  248,  244. 

266,  268  (7  visits). 
Diohysis  serratula,  Pz.  (7—8),  L.  Sid.  T., 

Ros.  135 ;  PapiL  90, 100, 101. 108*  Y^> 

266.  271,  117  ;  Ech.  810  ;  Eric  Wt  :    , 

Scab.  211  ;  Jas.  288  ;  Comp.  267.  267, 

271,  270  (15  visits).  ^         ' 

Epeolus  variegatus,   L.    (13*),    L..  Jul 

283 ;  Comp.  248. 
Euceralongicomis,  L.  (10— 12>    L  Sid., 

Orch.  383,  384 ;  Ros.    153  ;  PspU.  «t 
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100,  128,  126,  117,   116  ;   Ech.  310 ; 
Bor.  800  ;  Lab.  859  ;  01.  291 ;  Plant. 
368  ;  Caprif.  201  (16  visits). 
Halictoides  dentiventris,   Nyl.   (2 — 2l), 
L.  Sid.,  Camp.  277,  278. 

Halietus  (82  species,  440  visits,  181  being 
to  Composii(z), 

Halietus  albipes,  F.  =  obovatus,  K.  (in- 
cluding aftinis,  Schenck),  L.  Sid.  Th.i 
Umb.  179,  177,  195  ;  Ran.  9  ;  SaKx, 
378  ;  Geran.  76  ;  Malv.  69  ;  Polygon. 
871  ;  Ros.  135,  133,  127  ;  PapU.  108, 
108, 116  ;  Ech.  810  ;  Scroph.  326,  828  ; 
Lab.  342  ;  01.  291»  ;  Plant.  368;  Scab. 
211  ;  Camp.  279  ;  Jas.  283  ;  Comp. 
257,  248,  246,  229, 288,  228,  220,  221, 
263,  274.  262,  271,  272,  260  (37  visits). 

brevicomis,  Schenck,  Th.,  Comp. 

270. 


—  cylindricus,  F.  =fulvocinctus,  K.  = 
malachurus,  K.  (8—4),  L.  Sid.  T.  Th., 
LU.  893 ;  Umb.  172,  179,  194  ;  Ran. 
4,  6,  7,  9,  10  ;  Papav.  20,  21 ;  Cruc. 
30,  39  ;  Salix  378  ;  Geran.  76,  77,  78  ; 
Lin.  76  ;  Malv.  71 ;  Gary.  65 ;  Lythr. 
165  ;  Ros.  158,  136,  139,  127  ;  Papil. 
103,  110;  Ech.  310;  Solan.  816; 
Scroph.  819,  828t,  Lab.  362»,  868*, 
842,  338  ;  Ascl.  295  ;  Plant  368 ; 
Eric.  285  ;  Scab.  211,  212 ;  Camp.  278; 
Jas.  288 ;  Comp.  241,  242,  257,  248, 
253,  245,  246,  247,  225, 229,  288,  228, 
220,  221,  217,268,  263,  265,  274,  262, 
271,  272,  278,  269,  270  (65  visits). 

—  fasciatns,  Nyl.,  L.,  Jas.  283. 
flavipes,  F.,*=  seladonius,  F.  (2 J), 


L.  Th.,  Umb.  194  ;  Ran.  6,  7  ;  Papav. 
20  ;  Geran.  76 ;  Ros.  189,  141,  188  ; 
Pap.  90,  100,  105,  95,  116  ;  Scroph. 
822 ;  Eric.  285  ;  Camp.  280 ;  Jos. 
283  ;  Comp.  248,  220,  221,  263,  274, 
276,  278,  270  (26  visits). 

—  fulvicomis,  K.,  L.,  Umb.  195. 

—  intemiptus,  Pz.,  Th.,   Umb.    175, 
195  ;  Comp.  257,  246  (4  visits). 

leucopus,  K.,  L.  Sid.  T.  Th.,  Umb. 


194 ;  Cruc.  34  ;  Ros.  139 ;  Scroph. 
828  ;  Lab.  862*  ;  Comp.  220,  274,  271 
(9  visits). 

leucozonius,  Schr.  (4),  L.  Sid.  T. 


Th.,  Orch.  884  ;  Umb.  191 ;  Ran.  7  ; 
Aq.  18 ;  Cruc.  40  ;  Geran.  77  ;  Ros. 
135,  140  ;  Scab.  211,  212  ;  Jas.  288  ; 
Comp.  267,  246,  225,  229,  220,  266, 
267,  268,  262,  271,  272,  278,  270  (24 
visits). 

longulus,  Sm.  =pauxillus,  Schenck, 


L.  Th.,  Umb.  172,  189;  Ran.  7; 
Papav.  20 ;  Geran.  76,  77  ;  Convolv. 
311 ;  Scroph.  824  ;  Lab.  388 ;  Comp. 
257,  248.  246,  248,  244,  223,  220,  268, 
274,  262,  271,  260  (21  visits). 
'  According  to  F.  Smith  =  U.  tumulofrnwi,  h. 


Halietus  lucidulus,  Schenck,  L.,  Cruc.  88; 

Geran.  77  ;  Ros.  185,  188  ;  Lab.  849*  ; 

Jas.    288  ;  Comp.  257,  246,  227,  274 

(10  visits). 
-: lucidus,  Schenck,  L.,  Ran.  9  ;  Roa. 

184. 


—  lugubris,  K.  =  Isevigatus,  K.,  lu 
Th.,  Papil.  116  ;  Ub.  859  ;  Comp.  268, 
276,  278,  270  (6  visits.) 

maculatus,  Sm.,  L.  T.  Th.,  Umb. 


177,  182  ;  Ran.  7  ;  Papav.  20;  Geran. 
77, 78,  79  ;  Malv.  69  ;  Ros.  140  ;  Papil. 
98  ;  Lab.  838  ;  Camp.  279 ;  Comp.  257, 
258,  248,  246,  225,  229,  228,  284,  238, 
223,  220,  263,  274,  262,  271,  273  (28 
visits). 

—  minutissimns,  K.,  L.,  Lythr.  165  ; 
Comp.  217,  274. 

minutus,  K.  (2),  L.  T.,  Umb.  178  ; 


Comp.    267,    248,    246,    265,    262   (6 
visits). 

—  morio,  F.  (2),  L.  Th.,  Malv.  69,  70  ; 
Gary.  56  ;  Convolv.  Silt,  Scroph. 
821  ;  Lab.  846t ;  Comp.  225,  220,  278 
(9  visits). 

nitidiusculus,  K.,   L.   Th-*  Gross. 


158  ;  Ran.  7,  9  ;  Cruc.  27,  88  ;  Geran. 
76;  Ros.  184;  Convolv.  311;  Ech. 
310  ;  Scroph.  828  ;  Lab.  846t,  338  ; 
Comp.  257,  248,  246,  227,  221,  274, 

262,  269,260  (21  visits). 

—  nitidus,  Schenck,  L.  Th.,  Gross. 
168  ;  Ros.  148  ;  Ech.  810  ;  Lab.  846t, 
347,  842  ;  Comp.  288,  228,   286,  267, 

263,  274  (12  visits), 
quadricinctus,  F.,^  L.  Th.,  Umb. 


191  ;  Ran.  7  ;  Papil.  101,  94  ;  Ascl. 
295  ;  Comp.  240,  241,  242,  257,  258, 
225,  246,  220,  268,  264,  276,  262,  260 
(18  visits). 

—  quadrinotatus,  K.,  Th.,  Comp.  246. 

—  quadristrigatus,  Latr.,*  (6 — 7),  Th., 
Comp.  255. 

rubicuudus,  Chr.  (8 — 44),  L.  Th. 


Gross.  161  ;  Ran.  7  ;  Berb.  18  ;  JEsc, 
87  ;  Ros.  161,  152  ;  PapiL  90,  108  ; 
Eric.  285  ;  Scab.  212  ;  Comp.  240,  267, 
248,  246,  225,  229,  268,  264,  274,  276, 
262,  270,  260  (28  visits). 

Scabiosse,  111.,  Freiburg,  Hild.,  Ascl. 


295. 


sexnotatus,  K.  (2i— 4),  L.  T.,  Lil. 

888 ;  Umb.  177  ;  Clem.  1  ;  Thai.  2 ; 
Ran.  7  ;  Papav.  20,  21  ;  Cruc.  29  ;  Bry. 
17lt  ;  Rhus  88  ;  Rut.  84  ;  Geran.  79  ; 
Gary.  68  ;  Ros.  160,  149,  184,  185; 

*  Dr.  Kricchbaamer  tells  me  that  the  species 
described  by  Kirby  and  later  authors  as  H. 
quadfieiitetMi,  F.,  is  not  the  trae  JS.  quadrU 
einetus  of  Fabricius,  but  a  distinct  spedes,  H. 
UtrasoniuB^  Kl.  But  H.  quadriitrigatiUf  Latr., 
is  identical  with  H.  quadrieinetuBf  F.,  and  must 
receive  Uiat  name,  as  the  older  one.  (Oers- 
taecker,  Arekiv  fUr  NaturffeMhichief  Jahrg. 
xxxiv.  Bd.  I.) 
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131 ;    Pftpil.   126  ;    Bor.   801.    800t, 

Scroph.   818,   322;   Lab.   862t,  Eric. 

285;    Caprif.   201,   202,   200;   Scab. 

211  ;  Comp.  274,  262  (81  visits). 
Halictus  sexsignatus,  Schenck,  L.,  Ran.' 

7  ;  Comp.  222,  274. 
sexstrigatos,  Schenck,  -L.,  Papav. 

21  ;  Bry.  171t  ;  Rhus  88  ;   Ros.  149, 

138,  139,  140,  141,  183  ;  Scroph.  326  ; 

lAb.   346t  ;   Eric.    285 ;   Comp.    270 

(13  visits). 

Smeathmanellus,  K.,   L.   T.   Sid. 


Th.,  Umb.  185  ;  Aq.  13  ;  Res.  42  ; 
Geran.  78;  Malv.  69;  Scroph.  319, 
321t ;  Camp.  277  ;  Comp.  257,  246, 
262,  271,  272,  273  (14  visits). 

—  tarsatas,  Schenck,  L.,  Pap.  98  ; 
Comp.  248  (2  visits). 

—  villosulus,  K.  =  punctulatns,  K., 
L.  T.  Th.,  Ran.  7  ;  Cist.  45  ;  Ros.  135, 
Convolv.  311  ;  Jas.  288  ;  Comp.  225, 
229,  266,  267,  264,  265,  274,  271,  272, 
273,  270  (16  visits). 

zonulas,  Sm.  (4),  L.  Tckl.  Th.,  Sed. 


164  ;  Ran.  7  ;  Resed.  42  ;  Geran.  76  ; 
Malv.  69  ;  Ros.  152,  149.  135,  142, 
131  ;  Papil.  101,  112  ;  Bor.  301,  308  ; 
Scroph.  321 1,  322  ;  Lab.  366*  ;  l*rim. 
290*  ;  Comp.  257,  238,  274,  262  (22 
visits). 

spec,   L.,  Cnic.  31  ;  Geran.  80  ; 


Cary.  60.  63  ;  Ros.  145  ;  Ascl.  295t ; 

Plant.  367,  368  ;  Valer.  208  (10  visits). 
Heriades  truncorum,  L.   (4 — 4 J),  L.  T. 

Th.,  Umb.   187  ;  Papil.  96  ;  01.  292  ; 

Scab.  211  ;  Comp.  248,  246,  225,  228, 

238,  223,  263,  264  (13  visits). 
Macropis  labiata,  Pz.  (24—3),  L.,  Umb. 

187  ;  Rhamn.  86  ;  Ros.  135  ;  Prim.  290. 

MegacJiik  (9  species,  77  visits). 
Megachile  argenUta,  F.,  (6)  L.,  Jas.  283  ; 

Comp.  266. 
centuncularis,    L.    (6 — 7),   L.   Sid. 

Th.,  Lil.  388  ;  Sed.  162  ;  Umb.  194  ; 

Did.    22t ;    Lythr.    165 ;    Ros.    149  ; 

Papil.  108*  ;  Bor.  301  ;  Scroph.  321t ; 

I^b.  336  ;  Caprif.  201,  203  ;  Scab.  211  ; 

Comp.  257,   253,  246,  244,   224,  276 

(20  visits). 

circumcincta,   K.  (8),  L.  Sid.   Th., 


Megachile  pyrina,  Lep.  -^^  M.  fasdata,  Sm.^ 
.  (9).   L.  Sid.  Th.,   PapU.  90,   93,  92», 
124  ;  Lab.  364,  346,  936  (7  visits). 

versicolor,  Sm.,  L.  Sid.  Th.,  Pq>. 

92.    108,   120,    117  ;     Comp.    246  «5 
visits). 

Whlughbiella,  K.  (6^—7),  L.  Sid. 


Sed.  162  ;  Ros.  148.  149  ;  Papil.  90. 
100,  92, 108,  107, 117,  116  ;  Kch.  310  ; 
Scroph.  335;  Ub.  340;  Plant.  368; 
Scab.  211  ;  Comp.  242  (16  visits), 
lagopoda,   L.  (10),  Th.,  Umb.  191  ; 


Comp.    242,    257,    255,    251,    246   (6 
visits). 

—  ligniseca,   K.,  L.  Th.,  Malv.  69 ; 
Comp.  258. 

maritima,  K.,  L.  (8—9),  Sed.  163  ; 


Papil.  101,  92, 120,  117  ;  Scroph.  320  ; 
Scab.  211  ;  Jas.  283 ;  Comp.  259,  260 
(9  visits). 


Th.,   Malv.  69  ;   Papil.  90,  98,  108*. 

117  ;  Ech.  310  ;   Lab.  354,  336  ;  ScaK 

211 ;  Comp.  266  (10  visits). 
Melecta  armata,  Pz.  =  puuctata,  K.  (11). 

L.  T.,  Lab.  358,  361. 
luctuoaa.  Scop.  (10),  L.  Th.,  Edt 

310. 

Nomada  (21  species,  85  Tiaits). 

Nomada  altemata,  K.  =  N.  Marnhnmells, 

K.,  L.,  CJomp.  274. 
armata,  Schaeff.  =  N.  cinctiooniii, 

Nyl..  L.,  Scab.  211. 

Fabriciana,  L.,  L.,  Coryd.  23+  ;Ro& 


135  ;  Scab.  211 ;  Jas.  283  ;  Comp.  267. 
ferruginata,   K.,    L.  Sid,  Th.,  S«d. 


162  ;  Umb.  194  ;  Papil.  94  ;  Eric.  285 ; 
Comp.  238. 

—  flavoguttata,    K.,    I^.,    Cary.  65: 
Comp.  217,  274. 

—  ftirva,    Pz.    =    minuta,    F.,    L, 
Comp.  238. 

—  germanica.  Pi.,  I*.  T.,   Lab.  840 ; 
Comp.  266. 

Jacobaeee,  Pz.  (4),   L.,  Oiiagr.  16€; 


Lab.  358  ;  Scab.  311  ;  Jas.  283  ;  Comp. 
248 

lateralis,  Pz.,  L.,  Th.,  Umb.  195; 


Cruc.  80  ;  Hyper.  68  ;  Malr.  69  ;  R*«. 
135  ;  Scroph.  330. 

—  I^thburiana.  K.   =  mfiventris,  K., 
L.,  Salix  378  ;  Comp.  274. 

lineola,  Pz.  (6),  L..,  Cmc.  30  ;  Salix 


378  ;  Hyper.  68  ;  Ros.  135  ;  Scab.  817; 
Jas.  326  ;  Comp.  248,  217,  274. 
—  nigrita.   Schenck,    L.,    Jas.    283: 
Comp.  248. 

Robeijeotiana,   Pz.,   L.   Th.,  Umb. 


172  ;   Onagr.  166  ;    Jas.    283  ;   Compi 
349. 


ruficomis,  L.  =  flava,  Pz  (3— 4J^, 
L.  Sid.,  Salix  378  ;  Carv.  65  ;  Bo. 
152.  161,  135,  138,  139*;  Pap.  90; 
Eric.  285  ;  Jas.  283  ;  Comp.  225,  274. 

sexfasciata,  Pz.  (7),  L.,  Orch.  384: 


Ros.  138  ;  Ech.  310. 
—  solidaginis,  Pz.,    L.  T.,  Papil.  94; 
Eric.  286*  ;  Comp.  248,  220. 

signata,  Jur.,  L.,  Salix  378  ;  Ros. 


152,  153,  139  ;  Comp.  274. 
-  succincti.  Pz.   (6i— 7),    U,   Salii 


378  ;  Ros.  140,  127  ;  Comp.  257,  274. 

»  According  to  Dr.  KriecbbaDtner  klential 
with  M.  pyrina,  Smith,  but  not  with  M  nrim, 
Lep..  identical,  however,  with  M  ericetarwm, 
Lep.,  which  name  is  the  oldest,  and  has  nrioiilr 
over  Jf.  /a9eiata,  8m.  *^ 
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Komada  varia,  Pz.  =  facata,  Pz.  (64 — 6), 
L.  Th.,  Salix  378  ;  Papil.  94  ;  Lab.  849  ; 
Jas.  283  ;  Comp.  238,  274,  276. 

« xanthosticta,  K.,  L.,  Ros.  140. 

zonata,  Pz.,  L.  T.  Th.,  Comp.  225, 

276. 


(kmia  (13  species,  100  visits). 

Osmia  adanca,  Latr.  (10),  L.  T.  Sid.  Th., 
Pap.  117  ;  Ech.  310. 

«nea,   L.   (9—10),    L.    Sid.   Th., 

Malv.  69  ;  Papil.  90,  100,  92  ;  Ech. 
310  ;  Scroph.  320  ;  Ub.  366,  364,  359, 
349,  336  ;  Scab.  211  ;  Comp.  258,  246. 

aurulente,    Pz.   (8—9),   Sid.    Th., 

Pap.  90,  94,  91,  92,  116  ;  Ub.  364  ; 
Comp.  246. 

csementaria,     Gerst.   =  Spinola;, 

Schenck,  Th.,  Papil.  101 ;  Ech.  310. 

comuta,  Latr.  (8 — 9),  L.,  Ros.  129. 

fulviventris,  Pz.,  L.  Tli.,  Lab.  364  ; 

Scab.  211  ;  Comp.  255,  245,  246. 

fusca,  Chr.   =  bicolor,  Schr.  (8), 

L.  Sid.  T.  Th.,  Orch.  384  ;  Ran.  4,  8  ; 
Viol.  49  ;  Geran.  78  ;  Ros.  135,  139  ; 

•  Papil.    112  ;   Ech.    310  ;    Pulm.  304  ; 
Lab.  366,  349  ;  Comp.  274. 

interrupta,  Schenck,  L.  Th.,  Papil. 


90. 


leucomelaena,  K.  (<J  2i,  9  34—4), 
L.,  Ech.  310  ;  Scroph.  320  ;  Comp.  225. 
—  pilicomis,  Sm.,  L.,  Pulm.  304. 

rufa,  L.  =  bicomis,  L.  (7 — 9),  L. 


T.,  Ul.  394.  388  ;  Ir.  387 1  ;  Orch.  383  ; 
Clem.  1  ;  Ran.  7, 11 ;  Did.  22t ;  Cruc. 
30  ;  Viol.  47.  49  ;  Salix  378  ;  iEsc. 
87  ;  Geran.  77  ;  Cary.  66,  57  ;  Ros. 
150,  153,  133,  127,  129  ;  Papil.  118t, 
119  ;  Ech.  310  ;  Bor.  304  ;  Lab.  366, 
349,  346,  347,  336  ;  Vine.  291,  293  ; 
Prim.  288» ;  Eric.  285  ;  Comp.  217, 
274  (37  visits). 

—  spinulosa,  K.  (5).  Abundant  in 
Thuringia,  nesting  in  empty  shells  of 
Helix  ericetarum,  Papil.  116  ;  Comp. 
257,  258,  255,  246,  225,  238,  263,  264, 
276,  262,  260  (12  visits). 

—  spec,  L.,  Pap.  96. 
villosa,  Schenck  (acconling  to  Dr. 


Kriechbaumer,  identical  with  O.  platy* 
cera,  Gerat.),  Sid.,  Papil.  108. 


Panurgus  (2  species,  16  visits). 

Panurgus    Banksianus,    Latr.  =  P.    ater, 

Latr.  (3),  L.  T.  Tli. ,  Comp.  263,  265, 

276,  270. 
calcaratus,  Scop.  =  P.  lobatus  F.  (8), 

L.  T.  Th„  Ran.  7  ;  Onagr.  169  ;  Comp. 

266,  267,  268,  263,  265,  276,  262,  271, 

278,  270  (12  visits). 


Prasopis  (15  species,  88  visits). 

Prosopis  annularis,  Sm.,  Th.,  Lil.  388 ; 

Hes.  42. 
armillata,  Nyl.  (IJ),  L.  T.  Sid.,  Sed. 

162  ;  Umb.  173,  192,  194,  186 ;  Cruc. 

38  ;  Res.  42,  43  ;  Hyper.  68  ;  Polygon. 

371 ;  Ros.  140  ;  Comp.  271  (13  visits). 
brevicomi8,Nyl.,L.,Sed.  162;  Umb. 

177. 


—  clypearis,  Schenck.,  Th.,  Umb.  179. 

—  communis,  Nyl.  (1— U),  L.  T.  Th., 
Umb.  177,  179,  192,  186  ;  Cruc.  38  ; 
Res.  42,  43  ;  Rhus  89  ;  Geran.  76,  77  ; 
Malv.  69;  Cary.  63;  Ros.  148,  149, 135, 
138, 130;  Scroph.  317,  327;  Lab.  346t; 
347t ;  Jas.  283  ;  Comp.  248,  229  (24 
visits). 

—  dilatata,  K.,  L.,  Malv.  69  ;  Jas. 
283. 

—  excisa,  Schenck.,  L.,  Ros.  135. 
hyalinata,  Sm.  —  P.  confusa,  Nyl, 


L.  Th.,  Ran.  7 ;  Geran.  77  ;  Malv.  69  ; 
Cary.  63  ;  Ros.  140  ;  Ech.  310  ;  Camp. 
277,  278,  279,  282  ;  Jas.  283 ;  Comp. 
248. 

—  pictipes,  Nyl.,  L  ,  Res.  42  ;  Malv. 
69  ;  Jas.  283  ;  Comp.  225. 

—  propinaua,  Nyl.,  L.,  Ros.  149. 
pQnctulatis8ima,Sm.  =  P.  obscurata, 


Schenck,  Th.,  Lil.  4  ;  Comp.  246. 
—  signata,  Pz.  (14),  L.  Th.,  Umb.173; 
Clem  1  ;  Thai.  22;  Res.  42  ;  Malv.  69; 
Ros.  343  ;  Scroph.  317  ;  Comj).  233  (8 
visits). 

sinuata,  Schenck,  L.  Th.,Umb.  192, 


195  ;  Rut.  84  ;  Comp.  248. 

—  variegata,  F.,  L.  Th.,  Sed.  162; 
Umb.  188,  191,  19i>,  195 ;  Ros.  135  ; 
Jas.  283  ;  Comp.  248,  225. 

—  spec,  L.,  Lmb.  187,  190  ;  TiL  73. 


Psithyrus.      The  species  of  this  genus 

are  referred  to  Bombus. 
Rhophitoides    canus,    Eversm.    (24 — 8), 

Th.,  Papil.  90,  94. 
Rhophites  halictula,  Nyl.,  L.,  Jasione 

2t>3. 
• vulgaris  (Dufourea),   Schenck    (2), 

T.  Th.,    Comp.    263,   264,  265,  262, 

273,  279,  270. 
Saropoda  bim&culata,  Pz.  =  S.  rotundata, 

Pz.  (9),  L.   Th.,  Hyper.    68;  Lythr. 

165  ;  Ech.  310;  Scroph.  365  ;  Lab.  340; 

Eric.  287  ;  Jas.  283 ;  Comp.  257,  255 

(9  visits). 
Sphecodes  gibbus,  L.  (including  rufescens, 

ephippia,  etc.)  (14),  L.  T.  Sid.  Th.,  Sed. 

162 ;  Gross.  158  ;  Umb.  176,  181,  188, 

192,  194,  195,  183  ;  Coryd.  22 ;  Cruc 

33 ;  Salix  378;Geran.  78;  Fagopyr.  369; 

Onagr.  166  ;  Ros.  140;  Jas.  283;  Comp. 

248,  225,  229,  233,  234,  222,  217,  274, 

269,  270  (28  visits). 
Stelis  aterrima,Pz.  (5—54),  Th.,  Oer.  77*, 
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A«c1.   29G;   Cotnp.   25S,  315,  246  <G 

Stelia  bieTinseala,  Ifyt.  —  S.  pygnue*, 
Sohenck.  L.  Tb.,  Bo*.  13B  ;  Ech.  310  i 
Scftb.  211  ;  Comp.  246,  225  (5  rinU). 

phKoptent,    k.  (5),   L.  Th..   Ech. 

310 ;  Coinp.  246. 

B.  Chrymda  (8  Epecies,  23  viaita). 
Chrysis  bidcnUtii,  L.,  Th.,  Umh.  192. 

■  eyanes,  L,,  L.,  Hob.  149. 

igniU,  L.,  L.  Th.,  Drab.  1B2,  183  ; 

Rat.  8*  ;  Koa.  US,  130». 

spec.,  L.,  Umb.  172. 

Cleptes  semiaurata,  P.,  L.,  Ech.  310. 
Elampus  auratiu,  Weim.,  L.,  Bos.  130*. 
Hedjohrnin  coruceum,  Dlb.,  I..,  368. 
lucidnlum.  Lair.,  L.,   Th.,   Umb- 

179,101, 192,195: Crnc.  38,  Boa.  UO*, 

133  ;  Jas.  283  ;  Comp.  24S,  225,  830, 

266. 

C.  Cytiipidie  (1  species,  1  vutil). 
KacoUaspec.,  L.,  Chrysoapl.  155. 

D.  FormicidiB  (4  specieB,  18  Tiaita). 
Fonnica  congerens,  Nyl,,  L.,  Boa,  152; 

Comp.  274. 
l^asiuB  nigcr,    L.,   L.,  ChiysoapL    1G5; 

Kos.  161,  152. 
Hjrmica  leeTinodia,  N;l.,  L ,  Chijsoapl. 

1S5  ;  Comp.  217. 
M.  ruginodis,  Nyl.,  ChryaospL  166. 
UndBtertnined:  Umb.  192, 185,  I8e;BaD. 


Th.,  Sed.  162  ;  Umb.  178;  Cioc 
Bry.  171 1  Oeiso.  78;  Oiugr.  146; 
135,  140,  133  ;  PspiL  OB  ;  Kdu 
Lab.  340  ;  Aacl.  2B£  ;  Eobiac 
Caprir.  201 ;  Ju.  283  ;  C«mp.  2*1 


(7-<>. 


(19  Tisita). 
Bembei  roatrata,   F. 

211  ;  Comp.  248. 
Cemoniu  vatoAot,  F.,  1^.  Tb.,  Uab 

190  i  Ctdc.  37. 
Ctreent  ilbiraaciata,   J>lb..   ^k.,   I 

172. 
aniMria,  L.  (I) — 2>,  L.  TIi.,Ilci 

Ros.  133  ;  Jaa.  S83  ;  Comp.  248, 
UbuU.^.,  L.  Th.,  Uinb.  172  ; 

44;  Fagop.  369;  Scroph.  327;  Jaa. 

Comp.  225,  220. 
Niauta,  Kl.  (quinqnefaacimla,  I 

V.  d.  L.,  Sm.,  inttrmpt^  I^),  L. 

Dmb.  172  ;  Facop.   309  ;  Onur. 

Bos.  ISSiScroph.  327;  Ja».  283;C 

248. 
T>ri*bili«,  Schrk.    (aroatA,   F. 

Th.,  Umb.  172,  179,   ]»5  ;  Crue. 

Bw.  42,  44;Car7.  S2;LAb.  340; C 

218,  246,  225,  229,  231,  227. 
Ceropalea  maculaU,  F.    (1),  L.   T. 

Umb.  191,   194,   196,   195  ;  Jac 

Comp.  242,  226,  222. 

Taragata,  F.,  Th.,  Umb.  190. 

Crabro  alataa,  Pz.,  L.,  Onagr.  166 

283  ;  Comp.  248,  222,  227. 
ceiihalotM,  Pi.   (Shk.,   Lend. 

Sch.}.  L.,Umb.  179,  186  ;  Comp. 
-  cribrarias,  L.,  L.   Th.,   Umb, 


E.  IchTieumonidix  and  their  allies 
(13  apeciea,  43  visitB). 
Alyaia,  L.,  List.  380. 
Campoplez,  l...  List.  3S0. 
Cryptus,  L.,  List.  380. 
Eulophua,  L.,  Adoxa  198. 
F<ePU8  jacnlator,  F.  (1),  L.  Th.,  TTmb. 

179,  182,  183  ;  Rut  84 ;  Oaty.  66. 

affectator,   F.    (1),   L.  Th.,   Umb. 

179,190,  191,  184;  Rut  84. 
Idmeuman   nnigattatua,   L.,   L.,   IJat. 

380. 
If  iCTOgaster  rulipeB,  F.,  L.,  Liat.  380. 
PerilampuB  (T),  L.,  Salix  378. 
Pezomachiu,  L.,  Adoia  198, 
PhegadeDnn,  L.,  IJat.  380. 
TryphoD,  L.,  List.  380. 
Undetermined:  Umb.  179, 177, 181, 178, 

180,  188,  ISO,  192,  193,  194,  196,185, 
186,  182,  174;  Cruo.  37;  Pam.  167; 
But.  84;  Salix  378  ;  Hair,  69  ;  Bob. 
133  ;  Ub.  338  ;  Adoia  198. 

F.  SfAegida  (in  the  sense  of  Fowores, 
Latr.)  (81  species,  275  visits). 
Agenia  punctum,  F.,  L.,  But.  84. 
Ammophila  sabnloss,  L,  (4),  L,  Sid.  T, 


dives,  H.  Sch,,  I..,  TJmb.  178, 

elongatnlna,  t.  d.   L.   Ontcin 

Lep.),  L,  But.  84.  *^ 
lapidariuB,Pr,,  Dlb.  (chrraosto 

Lep.,   lylurgoB,  Shk.),    L.    Th. 

TAl,  Umb.  179.  177.  178.  190 

Boa.  133;  Comp.  225. 
patellalDs,  T.  d.   L..  L..   R«. 

136;  Ech,  310;  Jas.  283. 

podagrii;ua,H.Sch..Th.,  Umb. 

—^  ptflTotns,  F.,  L.,   Umb.   177 

Jas.  283. 
- — ■  aexcinctuB,  r.  A.  L.  (1),  L,  T 

Umb.  179, 192. 193,  186  ;  Comp, 
subterranfUi,    F.,    L,     Th.     1 

183;  Comp.        .  ' 

vagabundus,  Vz.,  L.,  Umb.  17 

vagus,  L.,  L.,  Th.,  Umb.  179 

191,  194,  196. 

veiillatns,  P*.,  Th..  Umb   19S 

Wesmaeli,  T.  d.  L.,  Th.,  Umb. 

Cruc.  27. 

spec.,  L.,  Comp.  283. 

Dinetui  pictna,  F.  dil,   L.,  Uinbu 

Comp.  248,  226,  234. 
Entomocnathua    brvvis,    v,    d     T 

tmb,  184.  ■        ' 
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Goirtes  campestris,  L.^  (1),  L.  Sid., 
Umb.  179,  177,  194;  Parn.  157; 
Rhus  88. 

mystaceoa,  L.  (1),  L.  T.,  Clem.  1 ; 

Bry,  171  ;  Roe.  184. 

Hoplisus  laticinctus,  Lep.?(l),  Th.,  Umb. 

179, 185. 
Lindenius  albilabris,  F.,  L.,  Lab.  840 ; 

Jas.  283  ;  Comp.  248,  253,  225. 
Mellinus  arveusis,  L.,  L.,  Ck>mp.  284. 

sabulosus,  Dlb.,  L.,  Jaa.  233. 

Mimosa  bicolor,  Shuck,  Th.,  Umb.  194. 
unicolor,  v.  d.   L.,  L.  Th.,  Umb, 

194. 
Miscus  campestris,   Latr.  (4),    L.    Th., 

All.  393  ;  Ros.  135 ;  Jas.  283. 
Mutilla  europaea,  L.  (1  J),  Th.,  Umb.  193, 

195. 
Myrmosa  melaoocephala,    F.,   L.    Th., 

Umb.  179,  192,  183. 
Nysson  macula tus,  v.  d.  L.,  Th.,  Umb. 

191. 
Ozybelus  bellicosus,  01.,  L.,  Umb.  179, 

196  ;  Jas.  283. 

bellus,  Dlb.  (14  gattatus,  Sh.),  L., 

Sed.  162 ;  Umb.  179 ;  Crac.  88  ;  Rut. 
84  ;  Ros.  141,  142  ;  Comp.  225. 

bipunctatus,   01.,    L.,   Umb.    179, 

188,  195. 

mandibularis,  Dlb.,  L.,  Jas.  283. 

trispinosus,  F.,  L.,  Comp.  248,  225, 


229. 


uniglumis,  L.  (14),  L.  T.,  Sed.  162  ; 

Umb.  179,  192,   194,  196,  195,  186; 

Clem.   1,   7 ;    Cruc.   38 ;    Rhus.   88 ; 

TU.   73;   Cfl^.    55;    Roa.    185,   188, 

140,  141,  142,  188  ;  Jas.  288 ;  Comp. 

248,  225,  229,  233  (23  visits.) 

spee.,  L.,  Geran.  79. 

Passaloecus  monilicomis,   Dlb.,  L.,  Ros. 

133. 
Philanthus  triangulum,  F.    (2 — 2}),    L. 

Th.,   Umb.   172,  179,   190,    194 ;  Jas. 

283  ;  Comp.  248,  225. 
Pompilus  chalybeatns,  Schi.,  L.,  Comp. 

225. 
cinctellns,   y.  d.   L.,    Th.,    Umb. 

192. 


—  intermedius,     Schenck,     L.     Th., 
Umb.  195,  184. 

neglectus,  Wesm.,   L.  Th.,  Umb, 


179,  192,  195,  185  ;  Ros.  133. 

—  niger,  F.,  L.  T.,  Umb.  179,  195. 

—  pectinipes,  v.  d.   L.,   L.    T.   Th., 
Umb.  194,  186,  183. 

—  plumbeus,  Dlb.,  L.,  Comp.  225. 
rufipes,  F.,  L.,  Jas.   283  ;   Comp. 


225. 


spissus,  Schi.,  L.,  Umb.  179, 186. 


'  According  to  Frederick  Smith  the  original 
specimens  of  QoryU»  eampettriB^  L.,  in  Linnsenn' 
collection  are  only  males  of  O.  mffftneeuB.  L. : 
and  the  insect  called  O.  eamptitris,  U,  in  this 
book  must  be  called  O.  Fargei,  Shuck. 


Pompilus   trivialis,   Kl.,  L.,  Umb.  188, 
174 :   Fagop.  369  ;  Comp.  225. 

viaticus,  Scop.*  (F.,  not  L.!)  (1 — IJ), 

L.  Sid.  Th.,  Umb.  188,  189,  191,  194, 
195,  185  ;  Parn.  157  ;  Hott.  289 ;  Jas. 
283  ;  Comp.  225,  222,  264,  271. 
spec.,  L.,  Com.  197. 


Priocnemis  bipunctatus,  F.,*  Th.,  Umb. 
172,  191. 

exaltatuft,  F.,  Th.,  Umb.  194. 

obtusiventris,    Schi.,    Th.,    Umb. 

191,  195. 

Psammophila  affinis,  K,*  L.  Th.,  Pap. 

«^  101  ;  Ech.  310 ;  Lab.  348 ;  Ascl.  295  ; 

Scab.  211  ;  Jas.  283  ;  Comp.  259,  265. 

viatica,   L.,   L.   Th.,  Umb.  191 ; 

Veron.  327  ;  Scab.  211. 

Psen  atratus,   Pz.  (J — j),  L.  Th.,  Umb. 

192;  Ros.  133. 
Rhopalum  clavipes,  L.,  L.,  Rut.  84. 
Salius  sanguinolentus,  F.,  L.,  Comp.  248. 
Scolia    bicincta,     hortorum,    4punctata 

(34),  Ascl.  295. 
Tachytes  pectinipes,  v.  d.  L.,*  L.  Th., 

Umb.  191,  192  ;  Jas.  283. 

unicolor,  Pz.,  Th.,  Umb.  192. 

Tiphia  femorata,  F.,  L.  Th.,  Umb.  172, 

191,  192,  193,  194,  195. 

minuta,  v.   d.  L.,  L.,  Cruc.  27  ; 

Rut.  84. 

nificornis,  Kl.  (1),  L.,  Umb.  188. 


Trypoxylon  clavicerum,    Latr.  (i),  Th., 

iJmb.  192. 
figulus,  L.  (J),  L.,  Rnt  84. 


6.  Tenthredinida  (38  species,  125  visits). 

Athalia  iwfe,  L.,  L.  Th.,  Umb.  178, 188, 

190,  194,  195,  185,  183. 
spinarum,  F.,  L.,  Umb.  177  ;  Fagop. 

369. 
Cephus  pallipes,  Kl.,  L.,  Ran.  8  ;  Cary. 

65. 

spinipes,  Pz.,  L.,  Ran.  7  ;  Cruc.  40. 

troglodytes,  L.,  L.,  Umb.  177. 

spec,   L,   Ran.    7,    8;  Cruc.    40; 

Comp.  267,  274. 
Cimbex  sericea,  L.,  L.  Sid.,  Umb.  179, 

177,  181,  194  ;  Comp.  229. 
Dolerus  cenchris,  Htg.,  T.,  Umb.  183. 
eglanteriae,    F.    (J— 1),    L.,   Umb. 

177  ;  Salix  378,  879. 

*  According  to  Frederick  Smith  the  specimens 
of  this  species  in  Linnieus'  coUection  are  identi- 
cal with  Sphex  fu*ea^  L.,  and  the  species  must 
therefore  be  called  P.  fiueui.  L. 

*  According  to  F.  Smith  =  P.  variabf/fa,  Rossi. 

3  According  to  F.  Smith  this  species,  from 
the  original  type-npecimens  in  Fabncios'  coUec- 
tion in  Kiel,  is  identical  with  P.  luUaria,  P., 
which  name  has  priority. 

4  According  to  F.  Smith  the  Linnaan  type- 
specimens  of  Spktx  peetinipet,  V.,  show  it  to 
be  a  Pompilu9,  and  what  is  called  Taek^iet 
pectinipes,  1  J,,  in  this  book,  must  be  called  T, 
p<Mmpil^ormi$,  Pz. 
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]>olera8  gonager,  Kl.,  L.,  Saliz  378  ;  Ro8. 

151,  127. 

madiduB,  Kl„  L.,  Salix  378. 

Uylotoma  coerulescens,  F.,  L.  T.,  IJmb. 

177,  194,  182. 

enodia,  L.,  L.  Th.,  Umb.  177,  183. 

femoralis,  Kl.,  L.  Th.,  Umb.  179, 

.  177,  194,  195,  185. 
rosarum,    F.,    L.   Th.,  Umb.  179, 

177,  181,  175,  194. 

segmentaria,  Pz.,  Th.,  Umb.  183. 

astulata,  L.,  L.  Sid.,  Umb.  179, 


194.  14. 
vulgaris,  KL,  L.  Th.,  Umb.   179, 

194. 
Macrophya  neglecta,  Kl.,  T.,  Umb.  185. 
Nematus  capi'sese,  L.,  L.,  Roe.  151. 

hortensis,  Htg.,  L.,  Umb.  185. 

myosotidis,  F.,  T.,  Umb.  185. 

mfescens,  H.,  L.,  Salix  878. 

vittatiis,  Lep.,  L.,  Umb.  185,  174. 

Selandria  serva,  F.  (J — 1),  L.,  Umb.  179, 

177,  181,  194,  195,  185. 
Tarpa  cephalotes,  F.,  Th.,  Comp.  238. 
Tenthredo  annulata,  F.,  L.,  Umb.  194, 

185. 

atra,  L.,  L.,  Umb.  179. 

biciDcta,   L,,   L.  Sid.,  Umb.   181  ; 

Ros.  133. 

bifasciata,  L.,  L.  Th.,  Umb.  179, 


177,181,  194,  183. 

—  flavicomis,  L.,  T.,  Umb.  179,  184, 
182. 

—  marginella,  Kl.,  L.,  Rhus  88. 
notha,  Kl.  (IJ),  L.  T.  Th.,  Sed.  164  ; 


Umb.  179,  177.  181,  178,  189,  194, 
196,  195,  185,  184,  183  ;  Comp.  238, 
225,  229,  227. 

rapae,   Kl.,  L.,  Umb.  185  ;  Rubiac. 


206. 


—  rustica,  L.,  L.  T.,  Umb.  185,  184; 
Ros.  134. 

scrophulariae,  L.,  L.  T.,  Onagr.  166  ; 


Comp.  225,  229. 

tricincta,  F.,  L.  T.,  Umb.  177,  194. 

spec,  L.  Th.,  Umb.  179,  177,  181, 

192,   193.    194,    185,   184,   183,   174; 

Hyper.   68*  ;    Ros.  184  ;   PapU.  96*  ; 

Comp.  248,  225,  229,  272. 

H.  VespidcK  (18  species,  74  visits). 

Eumenes  pomiformis,  Rossi  (2),  L.,  Umb. 

192  ;  Bry.    171  ;   Rhamn.   86 ;    Rhus 

88. 
Odynerus  debilitatus,  Sauss.,  Th.,  Umb. 

190,  192. 

elegans,  We8m.,T.,  Umb.  179, 185. 

parietum,  L.   (2),  L.  T.  Th.,  Umb. 

172,  192, 193, 194.-196.  184  ;  Clem.  1  ; 

Res.  44  ;  Bry.  171  ;  Salix  378  ;  Rut. 

84  ;  Cary.  55  ;  Poterium* ;  Ech.  810  ; 

Prim.  290*  ;  Scab.  211  ;  Comp.  225, 

284. 


Odynerus  quinnaefasciatiiSy  F.  (spinipes, 

L),  L,  T.,  Umb.  179  ;  Ran.  7  ;  Khia 

88  ;  Geran.  78  ;  Ros.  138. 
simplex,  F.  =  remfoniiis,  Wesm., 

L.  Th.,  Cary.  55  ;  Papil.  212*. 
sinuatus,  F.  (according  to  Smitli  = 

bifasciatus,    L.)    (IJ),    L.  Sid.,  Umb. 

190,  194,  195 ;  Rhus  88  ;   Ros.  182* ; 

Comf).  225. 

spinosus,  H.  Sch.,  L.,  Ran.  7. 

trifasciatus,    F.    (gazella,    Pk.),  L 


Sid.,  Umb.  194  ;  Papil.  108* 

1%. 


spec,  L.,  01.  291» ;  Caprif.  201. 
Polistes  sallica,  F.  (including  P.  diademt). 

Th.,  Umb.  172,  176,   191,  192,  193; 

Scroph.  319  ;   Lab.    339  ;    Ascl.  295 ; 

Symphor.  201  ;  Comp.  240,  257,  250. 
Pterocheilus  phaleratus,  Latr.,  L.,  Comp. 

225. 
Vespa   sermanica,    F.,    L.,    Salix    878; 

Scroph.  322. 
holsatica,  F.  (3— 8^),  L.  Th.,  Umb. 

194 ;   Berb.   18 ;   Scroph.   822 ;   Eric 

287;  Symphor.  201. 
media,  Deg.,  L.  Th.,  Scroph.  822 ; 

Symphor.  201. 
rufa,  L.,  L.,  Umb.  190,  194 ;  Berb. 

18  ;  Scroph.  322  ;  Eric.  285  ;  Symphor. 

201.  ^ 

saxonica,  F.,  Th.,  Symphor.  201. 

vulgaris,  L.  (2— 2i),  L.,  Umb.  194 ; 

Scroph.  322. 

V.  LEPIDOPTERA  (79  species,  365 
different  visits). 

A.  Bombyces  (3  species,  8  visits). 

Dasychira  pudibunda,  L.  (0).  L..  Camif. 

202*.  ^ 

Euchelia  Jacobfleie,  L.,  L..,  Cruc.  29. 
Porthesia  auriflua,  S.  V.,  L.,  Pap.  90*. 

B.  MieroUpidoptera  (6  species,  13  visits). 
Adela  sukella,  S.  V.,  L.,  Roe.  133. 
spec,  L.,   Umb.   177  ;    Salix  878; 

Lab.  339 ;  Scab.  211. 
Ephestia  elutella,    Hiibn.,    L.,    Scroph. 

S17. 
Botys  purpuralis,  L.,  L.,  Scab.  211,  212; 

Jas.  283 ;  Comp.  199,  234. 

nemotois,  Hb.,  apec.,  L.,  Umb.  195. 

Tortrix  plumbagana,  Tr.,  L.,  Roe,  138. 

C.  Noctua  (10  species,  42  visits). 

Agrotis  pronuba,  L.,    L.,    Dianth.   54; 

Eryth.  298. 
Anarta  myrtilli,  L.,  L.,  Comp.  229. 
Brotalamia  meticulosa,  L.,  L      Dianth. 

54. 
Cucullia    umbratica,    L.     (18 22^     L. 

Caprif.  202.  ^'       ' 

Dianthcecia  capsincola,    S.  Y,    (23—25) 

L.,  Caprif.  202.  ^ 
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Euclidia  glyphica,  L.  (7),  L.,  Ran.  7  ; 
Cnic.  40  ;  Caiy.j  67  ;  Papil.  90t,  94t, 
116t ;  Scroph.  334  ;  Lab.  366  ;  Scab. 
211  ;-.Corap.  249. 

■ Mi,  L.,  L.,  Comp.  267. 

Hadena  didyma,  Esp.,  L.,  Comp.  234. 

Mamestia  Berena,  S.  V.,  Th.,  Scab.  211. 

Plusia  gamma,  L.  (15),  L.  Th.,  Lin.  75  ; 
Dianth.  53,  54;  Pa].il.  100,  94,  lllf, 
122t,  116t ;  Ech.  310  ;  Bor.  302  ;  Lab. 
353,  846t ;  Erytb.  298  ;  Caprif.  202  ; 
Scab.  212  ;  Comp.  257,  269,  268,  246, 
244,  221,  271,  273  (23  visits). 

D.  Khopalocera  (46  species,  259  visits). 

Argynnis  Aglaia,  L.,  Sid.  Th.,  Lab.  340  ; 

Comp.  248,  237. 
Paphia,  L.,  Th.  Westf.,  Umb.  190  ; 

Ros.  135  ;  Lab.  371  ;  Comp.  214. 
Colias  Hyale,  I..,  L.  Th.,  Dianth.  63  ; 

Papil.  94  ;  Ech.  310  ;  Lab.  364  ;  Scab. 

211  ;  Comp.  257.  256,  271,  260. 
(Rhodocera)   rhamni,    L.,   L.    Sid. 

Th.,    Cruc.    30;    Viol.    47,    48,    49; 

Dianth.  53  ;  Lythr.  166  ;  PapU.  122  ; 

Bor.  304 ;  Lab.  366,  850  ;  Comp.  249, 

274. 
Hesperia  (Synch thus)  alveolus,  Hb.,  L. 

Sid.,  Viol.  49  ;  Papil.  90t ;  Lab.  366  ; 

Comp.  229,  274. 
lineola,  0.,  L.,  Umb.  195 ;  Scab. 

211  ;  Comp.  214. 
(Carterocephalus)    Pauiscus,  ,Esp., 

L.,  Ros.  135. 
silvanus,  Esp.,  L.  Sid.,  Hyper.  68* ; 

Malv.  72  ;  Cary.  59  ;  Papil.  100,  122 ; 

»h.  310  ;  Lab.  355  ;  Comp.  248,  253, 

225,  272. 

(Erynnis)  Tages,  L.,  L.,  Papil.  90t. 

thaumas,   Hm.  (linea,  S.    v.),   L., 

Papil.  100,  101.  94t ;  Bor.  303  ;  Jas. 

283  ;  Comp.  257,  223. 

spec,   L.  Th.,  Delph.   ISf ;   Viol. 


49  ;  Papil.  98t,  94t ;  Lab.  366  ;  Comp. 

229,  274. 
Lycsena    ^gon,    S.    V.,  L.,   Jas.    283  ; 

Comp.  225. 
Alsus,  S.  v.,  Th.,  Papil.  91»  ;  Comp. 

221. 
Argiolus,  L.,  L.,  Salix  378  ;  Papil. 

94  ;  Lab.  355  ;  Eric.  285  ;  Comp.  267. 
Icarus,  Rott.  (Alexis,  S.  V.),  L.,  Ran. 

7  ;  Cary.  57  ;   Papil.  90t ;  Bor.  307  ; 

Lab.  340  ;  Comp.  268. 

spec.,  L.  Th.,   Papil.   94t,    116t  ; 


Ech.  310  ;  Comp.  257,  223,  214. 
MelitfiBa  Athalia,   Esp.,   Sid.   Th.,    Lil. 

391  ;  Papil.  355 ;  Comp.  258,  280. 

Cinxia,  L.  (10),  L.,  Ech.  310. 

Papilio  Machaon,  L.  (18),  L.  Th.,  Lil. 

391  ;  01.  291  ;  Scab.  210. 
Podalirius,  L.,  L.,  Lab.  366  ;  01. 

291. 


Pieris  brassicpe,  L.  (15),  L.  Th.,  Cruc. 

80,  34  ;  Viol.  48  ;  Fagop.  869  ;  Cary. 

57,  59  ;  Ros.  129  ;  Papil.  98t,  100,  94  ; 

Ech.  310  ;  Bor.  809  ;  Lab.  366,  364, 

353,  349,  348  ;  01.  291  ;  Comp.   257, 

248,  250,  253,  246,  267,  264,  275,  262 

(27  visits). 
(Anthocbaris)  cardamines,  L.  (11 — 

12),  L.,?Cruc.  30  ;  Viol.  48  ;  01.  291. 

cratffigi,  L.  (17),  L.,  Ros.  135. 

napi,  L.  (11),  L.,  Cruc.  30,  34,  36  j 


Viol.  48,  49  ;  Brv.  171  ;  Geran.  82 ; 
Fagop.  369 ;  Cary.  65 ;  Ros.  185 ; 
Papil..  115t;  Bor.  309;  Lab.  366; 
01.  291  ;  Comp.  257.  253,  245,  226, 
266,  274  ;  Valer.  209  (23  visits). 
rap»,  L.  (12),  L.,  Umb.  196  ;  Cruc. 


34,    36  ;    Viol.    48,    49  ;    Geran.   76 ; 

Malv.  69  ;  Polygon,  371  ;  Dianth.  52 ; 

Cary.  57  ;  Lythr.  165  ;  Ros.  129  ;  Pa- 
pil. 100,  94,  121,  122,  117  ;  Lab.  366, 

353  ;  01.  291  ;  Scab.  212  ;  Comp.  253, 

245,  214,  262  (25  visits). 
Polyommatus  dorilis,  Hfn.  (Circe,  S.  V.), 

L.,  Jas.  283  ;   Comp.   234,  228,  221, 

217. 

Eurydice,  Rott.,  L.,  Polygal.  51. 

phloeas,  L..  L.  Th.,  Ran.  7  ;  Fagop. 

369  ;   Cary.   60,  53  ;  Scab.  212  ;  Jas. 

283  ;  Comp.  330,  346,   234,    238   (10 

visits). 
Satyrus    (Pararga)    Egeria,   L.,   Westf., 

Comp.  214. 
(Epinephele)  Galatea,   L.,    Westf., 

Comp.  257,  255,  214. 

(Epinephele)  Hyperanthus,  L.,  L. 


Sid.,  Lab.  342,  343  ;  Comp.  238. 
—  (Epinephele)  Janira,  L.  (10),  L., 
Hyper.  68  ;  Dianth.  52  ;  Papil.  100  ; 
Ech.  310  ;  I^b.  840,  342,  337  ;  Jas. 
283  ;  Scab.  211,  212  ;  Comp.  257,  258, 
248,  253,  229,  262. 

(Erebia)  Medea,  S.  V.,  Sid.,  Scab. 


211. 


—  (Erebia)   Medusa,    S.   V.,    Westf., 
Comp.  214. 

(Pararga)   Mega>ra,    L.,    L.,  Papil. 


100,  108  ;  Comp.  257,  266,  274. 
(Coenonympha)  PampbUus,  L.,  L. 


Sid.  Th.,  Ran.  6,  7  ;  Lab.  340  ;  Jas. 
283  ;  Comp.  257,  225,  217. 

spec,  L.,  Delph.  15t ;  Papil.  121. 


Thecla  ilicis,  Esp.,  L..  Comp.  215. 

quercus,  L.,  Westf.,  Comp.  214. 

rubi,  L.,  L.,  Papil.  95  ;  Eric,  285  ; 

Comp.  248. 

spec,  L.,  Camp.  257,  216,  217. 


Vanessa  Atalanta,  L.,  L.,  Comp.  234. 

C-album,  L.  (11),  L.,  Umb.  188. 

cardui,  L.,  L.  Th.,  Lab.  364. 

lo,  L.  (15—16),  L.  Sid.,  Salix  379  ; 

Papil.  122  ;  Comp.  237,  214,  274. 
urtic«,  L.  (12),  L.  Sid.,  Viol.  47  ; 


Salix  378  ;  Fagop.  869  ;  Papil.  100,  94, 
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122 ;  Lab.  364  ;  01.  291  ;  Scab.  211  ; 
Com]9.  255,  248,  237,  218,  266,  275 
(15  Tisits). 

£.  Sphinges  (14  species,  48  yisits). 

Ino  Statices,  L.,  L.  T.  Sid.,  Gary.  67  ; 

Onagr.  166 ;  Scab.  211 ;  Camp.  277  ; 

Jaa.  283  ;  Comp.  229. 
Macroglossa  fiiciformis,  L.,  L.,  Gary.  57  ; 

Lab.  366,  849  ;  01.  291. 
« stellatarum,  L.,  L.  Sid.  Th.,  Dianth. 

53  ;  Onagr.  169  ;  Ecli.  310  ;  Lab.  364, 

349  ;  Eiyth.   298  ;   01.   291  ;   Comp. 

255. 
Sesia  asiliformis,  Rott.  (S.  cynipifonnis, 

Esp.),  Th.,  PapU.  94t ;  Comp.  238. 
empiformis,  Esp.,  Sid.  Th.,  Papil. 

90f ;  Lab.  340. 
tipuliformis,  L.,  L.  T.,  Cruc  38 ; 

Lab.  340 ;  Comp.  232. 
Sphinx  convolvuli,  L.  (65—80),  L.,  Con- 

voIt.  311*  ;  Caprif.  202. 
(DeUephUa)  Elpenor,   L.  (20—24), 

L.,  Caprif.  202. 
ligufltri,  L.  (87—42,  L.,)  Sapon.  56  ; 

Capnf.  202. 
pinastri,   L.   (28—33),  L.,  Caprif. 

202. 
(Deilephila)  Porcellus,  L.  (20),  L., 

Gary.  58  ;  Caprif.  202. 


Sphinx  (Smerinthna)   tilise,  L.  (3),  L., 

Caprif.  202*. 
Zygsbna  carniolica,    Soop.    (Zonobiychis 

S.  v.),   Th.,    Dianth.  68  ;    Pfcp.  94*, 

119t ;  Comp.  257,  258,  248,  249. 
lonioem,  Espw,  L.  Th.,   PapiL  90t ; 

Ech.   310 ;    Scab.    211  ;    Comp.    247, 

257. 

YL  NEUROPTERA  (4  species,  13  visiU). 

Agrion  spec.,  L.,  Ros.  133. 
Hemerobios  spec.,  L.,  Unib.  195,  185. 
Panorpa  communis,  ll,  L.  Sid.  T.,  Umb. 

179,  181,  190 ;  RhtiB   89  ;  Bos.  133 ; 

Scroph.  317  ;  Comp.  214,  234. 
Sialis  iateria,  L.,  L.,  Umb.  177,  185. 

YII.  ORTHOPTERA  (3  species,  8  Tints). 

Forficola  aoricnlaria,  L.,  L.,  Papav.  20; 

Camp.  282. 
Podora  spec,  L.,  ConyoW.  811*. 

VIII.  THYSANOPTERA  (18  TiaiU). 

Thrips  spec.,  L.,  Ran.  9,  10  ;  Crnc.  SO, 
39 ;  Res.  42 ;  Gary.  65,  66,  60,  68 ; 
Lythr.  165 ;  Ros.  151,  188  ;  ConToW. 
811» ;  Scroph.  817  ;  Lab.  889  ;  Yinc 
293  ;  Eric.  287. 


Summary  of  Insect-visits  Noted  in  this  Book. 
Goleoptera 1 29  species  with    469  visits. 


Diptera    253 

Hemiptera 6 

Hymcnoptera    ...  368 

Lepidoptera    79 

Neuroptera    4 

Orthoptera 3 

Thysanoptera    ...  1 


it 

u 
>f 


1598 

15 

2750 

365 

13 

3 

18 


Altogether...     843  species,  with  5231  different  visits. 
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Abbreviations. — Coleopt,  «  Coleoptera ;  Dipt  «  Diptera  in  general ; 
Muse,  —  Muscidse ;  8yrph,  —  Syrphidae  ;  Rhing,  =  Rhingia ;  HemipU  =» 
Hemiptera  ;  Hymen,  =  Hymenoptera,  not  including  the  bees ;  Apid,  = 
Apidse  in  general  \  A*.  ^  Apis  meUificaj  B.  «  Bomhus  and  Anthophora  (the 
longest-tongued  of  our  bees) ;  Lepid,  »  Lepidoptera  in  general ;  Lepid,  d.  = 
diurnal  Lepidoptera ;  Lepid.  n.  =  nocturnal  Lepidoptera ;  Neuropt,  ■■ 
Neuroptera  ;  Orthopt  =  Orthoptera  ;  Th,  =  Thrips. 

The  figures  placed  after  these  abbreviations  indicate  the  number  of  species 
of  insect-visitors  observed.  Qroups  of  insects  which  are  useless  in  the  work 
of  fertilisation  are  placed  in  square  brackets  [    ]. 


Abutilon,  p.  145. 

Acacia  Julibrizzin,  p.  220. 

Acanthacese,  p.  467. 

Acanthus,  p.  468. 

Acer,  p.  164. 

Achillea  Millefolium,  No.  225  (Apid,  SO, 

Hymen.  25,  Dipt.  21,  Lepid.  6,  Coleopt, 

5),  p.  325. 
A.  Ptarmica,  No.  226,  p.  327. 
Aconitum  Lycoctonum,  No.  17   {B,  1), 

p.  87. 
A.  Napellus,  No.  16,  p.  86. 
A.  septentrionale,  p.  88. 
Adenostemma,  p.  318. 
Adonis  vemalis,  p.  73. 
Adontostyles,  p.  361. 
Adoxa  moschatellina,  No.  198  (Dipt,  4, 

Hymen.  3,  Coleopt,  1),  p.  289. 
.£chmantbera,  p.  467. 
^giphila  elata,  p.  469. 
M,  mollis,  p.  469. 
M,  obdurate,  p.  469. 
^gopodium  rodagraria.  No.  179  (Dipt, 

34,  Coleopt,  21,  Hymen,  83,  Apid,  15, 

Neuropt,  1),  p.  276. 
^culus  Hippocastanum,  No.  87  (Apid. 

7),  p.  164. 
M,  rubicunda,  p.  166. 
Agathea,  p.  361. 
Agrimonia  Eupatorium,  No.  145  (Syrpk, 

9,  Mum.  1,  ApUl,  1),  p.  235. 


A^ostis  alba,  p.  568. 

Ajuga  genevensis,  p.  502. 

A.  pyramidalis,  p.  502. 

A.  reptans,  No.  366  (Apid,  15,  Syrpk, 

1,  Lepid.  7),  p.  501. 
Alchemilla  alpina,  p.  235. 
A.  fissa,  p.  235. 
A.  pentaphylla,  p.  235. 
A.  vulgaris.  No.  144  (Syrph,  5),  p.  234. 
Alisma  natans,  p.  567. 
A.  Plantago,  No.  398  (Syrph,  5),  p.  565. 
Alismacese,  p.  565. 
AUiaria  officmalis.  No.  35,  p.  109. 
Allium  carinatum,  p.  554. 
A.  Cepa,  No.  893  (Apid.  8,  Hymen,  8, 

Dipt.  1),  p.  553. 
A.  fistulosum,  p.  554. 
A.  rotundum,  p.  554. 
A.  Schoenoprasum,  p.  554. 
A.  sibiricum,  p.  554. 
A.  sphserocephalum,  p.  554. 
A.  ursinum.  No.  392  (B,  1),  p.  553. 
A.  victoriale,  p.  554. 
Alocasia  odora,  p.  564. 
Alopecurus  pratensis,  p.  568. 
Alpmia,  p.  542. 
Alsinese,  p.  131. 
Amarantacese,  p.  509. 
Amaryllidese,  p.  559. 
Ambrosinia  Bassii,  p.  565. 
Amelanchier  vulgaris,  p.  242. 
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Amherstla  nobilis,  p.  220. 

Ammannia  latifolia,  p.  261. 

Amorpha  canescens,  p.  198. 

A.  fniticosa,  p.  198. 

AmorphophaUus  campanulatus,  p.  568. 

A.  Titanum,  p.  564. 

A.  variabilis,  p.  564. 

Amphicarpsea  monoica,  p.  214. 

Amsinckia,  p.  422. 

Anacamptis  pyramidalis,  p.  534. 

Anacardiacefe,  p.  166. 

Anagallis  arvensis,  p.  890. 

A.  ccerulea,  p.  390. 

Anandria,  p.  351. 

Anchusa  officioalis,  No.   302   (Apid,  6, 

Lepid,  1),  p.  411. 
Andromedeffi,  p.  376. 
Androsace  Chamaejasme,  p.  889. 
A.  obtusifolia,  p.  389. 
A.  septeDtrionaiis,  p.  889. 
A.  Vitaliana,  p.  389. 
Anemone  alpina,  p.  78. 
A.  narcissifolia,  p.  73. 
A.  nemorosa,  No.  4  (Apid.  5^  Muse,  2, 

Coleopt,  1),  p.  72. 
A.  ranonculoides,  p.  88. 
A.  silvestris,  p.  88. 
Anethum  graveolens,  No.  192  (Dipt.  15, 

Hymen.  25,  Apid.  6),  p.  283. 
Angelica  silvestris,  No.  190  (Dipt.   11, 

Coleopt.  6,  Apid.  2,  Hyinen.  9,  Lepid, 

1,  Nmropt.  1),  p.  282. 
Angrsecum,  p.  528. 
Anoda  hastata,  p.  145. 
Anonaceas,  p.  90. 
Anthemideie,  p.  325. 
Anthemis  arveusis,    No.  227  (Apid.    8, 

Hymen.  4,  Dipt.  9,  Colwpt.  3),  p.  329. 
A.  tinctoria,  No.  228  (ApUl.  3,  Hyinen.  1, 

Dipt.  6,  Coleopt.  2),  p.  329. 
Anthericum  Ldliago,  p.  553. 
A.  ramosum,  No.   391  (Apid.  1,  Syrph. 

1,  Lepid.  2),  p.  552. 
Anthoxanthum  odoratnm,  p.  568. 
Anthriscua  Cerefolium,  No.  186  (Dipt.  11, 

Coleopt.  7,  Hymien.  5,  Apid.  3),  p.  281. 
A.  silvestris.  No.  185  {Dipt.  26,  Coleopt. 

20,  Hymen.  20,  A%yid.  5,  Neuropt.  2), 

p.  279. 
Anthurium  Pothos,  p.  565. 
Anthvllis  vulneraria,  No.  91  (Apid,  4), 

p.  172. 
Antirrhinum  majus,  No.  821  (B.  5,  [Apid. 

3]),  p.  433. 
Aphelandra  pectinata,  p.  468. 
Apocynaceaj,  p.  894. 
Apocynum  androsa^mifolium,  p.  896. 
A.  hypericifolium,  p.  396. 
AquUegia  vulgaris,  No.  13  (B.  2,  [Apid. 

4]),  p.  81. 
Arabis  alpina,  p.  102. 
A.  bellidffolia,  p.  102. 
A.  hirsuta.  No.  29  (Hymen.  1,  Apid.  1, 

Lepid.  1),  p.  102. 


Arachis,  p.  201. 

Araliaceae,  p.  287. 

Araigia  albens,  p.  400. 

Arbutus,  p.  375. 

Arbutese,  p.  375. 

Arctium  minus,  p.  338. 

A.  tomentosum,  p.  338. 

Arctostaphylos  uva-uiai,  p.  375. 

Arctotis,  p.  861. 

Arenaria  muscosay  p.  137. 

A.  trinervia,-No.  67  {Coleopt,  1),  p.  lU. 

Ai^emone  ochroleucay  p.  94. 

Anssema  filifonne,  p.  564. 

Arisarum,  p.  564. 

Aristolochia  Bonplandi,  p.  518. 

A.  Clematitis,  No.  375  (Dipt.  8),  p.  5ir. 

A.  grandiflora,  p.  519. 

A.  Sipho,  No.  376  {ZHpt.  6),  p.  518. 

Aristolochiacefe,  p.  517. 

Armeria,  p.  882. 

Armoracia  amphibia.  No.  28  IHvmoL  I, 

Dipt.  4),  p.  102. 
Amebia,  p.  422. 
Arnica  montana.  No.  237  (j4pid.  8,  DifL 

10,  Lepid.  8,  Coleopt,  2),  p.  385. 
Aroidese,  p.  562. 
Aronia  rotundifolia,  p.  242. 
Artemisia  Dracunculus,  No.  235  (SmL 

1),  p.  888. 
Artocarpeae,  p.  521. 
Arum  crinitum,  p.  564. 
A.  Dracunculus,  p.  564. 
A.  italicum,  p.  563. 

A.  maculatum,  No.  397  (I>ipt,  1),  p.  561 
A.  tcmatum,  p.  564. 
Asarum  canadense,  p.  517. 
A.  europaeum,  p.  517. 
Asclepiadea;,  p.  896. 
Asclepias  Comuti,    No.    295   (Apid.  19^ 

Hym£n.  7,  Dipt.  7),  p.  396. 
A.  curassavica,  p.  400. 
A.  fruticosa,  p.  400. 
A.  tenui folia,  p.  400. 
Asimina  triloba,  p.  90. 
Asparagus  officinalis,  No.  388  (Apid,  5\ 

p.  548. 
Aspcrula  azurea,  p.  304. 
A.  cynanchica,  No.    207  {I>ipt.  1,  Avii. 

1),  p.  302.  X      /-     .     i' 

A.  odorata  (^4*.),  p.  304. 

A.  ])usilla,  p.  806. 

A.  scoparia,  p.  306. 

A.  tauriua,  p.  308. 

Aspicarpa  urens,  p.  1 49. 

Aspidistra  elatior^  p.  560. 

Aster  alpinus,  p.  322. 

A.  Amellus,  No.  219  {Sjfrph,  1),  p.  821 

A.  chinensis,  No.  218  (St/rnh    2    Le»d. 

1,  Apid.  1),  p.  822.       *  -^  •     •  -''^^ 
Asteroideaj,  p.  320. 
Astrantia  major.  No.  173  (Apid.  3.  DitL 

3,  Coleopt-.  1),  p.  272.     ^    ^^^   *^»    '^ 
A.  minor,  p.  273. 
Ataccia  cristata,  p.  558. 
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Atherunis  tripartitus,  p.  56i, 
Atragene  alpina,  p.  70. 
Atropa  Belladonna,  p.  427. 
Azalea  procumbens,  p.  880. 

Ballota  kigra,  No.  864  {Apid,   14, 

Lepid.  7),  p.  498. 
Balsaminese,  p.  160. 
Barbarea  vulgaris,  p.  104. 
Bartsia  alpina,  p.  445. 
BellidioBtrum,  p.  361. 
Bellis    percnnis,     No.    217    (Apid.    8, 

Hymen.  1,  I>ipt,  13,  Lepid,  2,  CoUopt, 

8),  p.  821. 
Berberidese,  p.  90. 
Berberis  vulgaris,  No.  18  {Dipt,  11,  Apid, 

10,  Hymen.  2,  Coleopt.  2),  p.  90. 
Bergenia  crasaifolia.  No.  156  (Apid.  2), 

p.  247. 
Betonica  officinalis,  No.  854  (B.  1,  [Syrph. 

2,  Lepid.  1]),  p.  487. 
Biarum,  p.  565. 
Bidens,  p.  861. 
Bignonia,  p.  466. 
Bignoniaceae,  p.  466. 
Biscutella  laevigata,  p.  108. 
.  Bonjeania  hirsuta,  p.  173. 
Borageae,  p.  408. 
Boraginete,  p.  408. 
Borago  officinalis.  No.  301  {Apid.  5),  p. 

409. 
Borreria,  p.  304. 
Boucerosia,  p.  401. 
Brachypodium  pinnatum,  p.  568. 
Brassica  oleracea,    No.   89  [Coleopt.    1, 

Apid.  6,  Th.  1),  p.  IIL 
B.  Rapa,  p.  112. 
Brorous  mollis,  p.  568. 
Browallia  elata,  p.  427. 
Brugmansia  Zippelii,  p.  516. 
Bryonia  dioica.  No.  171  {Apid.  7,  Hymen. 

4,  Coleopt.  1,  Lepid.  1),  p.  268. 
Bryophyllum  calycinuui,  p.  251. 
Buncbosia  Gaudichaudiana,  p.  149. 
Bupleurum  falcatum.  No.  175  {Dipt.  4, 

Hymen.  8,  Apid.  1),  p.  275. 

B.  rotundifoliuin,  p.  286. 
Burlingtonia,  p.  528. 
Buxus,  p.  520. 

Cacalia,  p.  861. 
Caesalpiniacee,  p.  220. 
Caffea  arabica,  p.  304. 
Caiophora  latentia,  p.  267. 
Calaniintba  Acinos,  No.  844  {Apid.  1, 
Dipt.  1),  p.  477. 

C.  alpina,  p.  477. 

C.  Cnnopodium,  No.  848  {Lepid.  2),  p. 

476. 
C.  Nepeta,  p.  476. 
Calatbea  discolor,  p.  542. 
C.  zebrina,  p.  542. 
Calceolaria,  p.  481. 


Calendula,  p.  861. 

Calla  palustris,  p.  565. 

Callitriche  verna,  p.  255. 

Calluna    vulgaris,   No.    287    (Apid.   9, 

Hymen.  1,  Dipt.  6,  Th.  1),  p.  877. 
Calogyne,  p.  864. 
Calonyction,  p.  425. 
Caltha  palustris,  No.  11  {Dipt.  7,  Coleopt. 

1,  Apid.i),^.  79. 
Calycanthacese,  p.  89. 
Calycantbus  flondus,  p.  89. 
Calystegia  sepium,  p.  424. 
Camarea,  p.  149. 

Campanula  bononiensis,  No.  280  {Apid. 

4,  Coleopt.  1),  p.  868. 
C.  canescens,  p.  369. 

C.  colorata,  p.  369. 

C.  Medium,  p.  366. 

C.  patula,  No.  281  {Apid.  2),  p.  868. 

C.    persicifoUa,     No.     282     {Apid.    1, 

[Orthopt.  1]),  p.  368. 
C.  pusilla,  p.  367. 
C.    rapunculoides,   No.   279    {Apid.   9, 

JRhing.  1),  p.  868. 
C.  rotundifolia.  No.  277  {Apid.  10,  Dipt. 

2,  Lepid.  1,  Coleopt.  8),  p.  868. 

C.  Trachelium,  No.  278  {Apid.  9,  Dipt. 

2,  Coleopt.  2),  p.  368. 
Campanulaceee,  p.  865. 
Campanulese,  p.  366. 
Canua,  p.  543. 
Canneae,  p.  543. 
Capi>arideae,  p.  114. 
Capparis,  p.  114. 
Caprificus,  p.  521. 
Caprifoliaoese,  p.  289. 
Capsella  bursa-pastoris.  No.  87  {Lepid. 

7,  Muse.  1),  p.  110. 
Cardamine  chenopodifolia,  p.  104. 
C.  impatiens,  p.  104. 
C.  pratensis,  No.  SO  {Apid.  9,  Dipt.  6, 

Le^.  4,  Coleopt.  1,  Th,  1),  p.  102. 
Cardiospermum,  p.  164. 
Carduus  acantboides,  No.  246  {Apid.  32, 

Hymen.  1,  Dipt,  3,  Lepid,  4,  Coleopt, 

4),  p.  339. 
C.  crispus,  No.  245  {Apid.  5,  Syrph.  1, 

Lepid.  2),  p.  338. 
C.  nutans.  No.  247  {Apid,  5,  Lepid,  1), 

p.  340. 
Carex  hirta,  p.  567. 
C.  montana,  p.  567. 
Carlina  acaulis.  No.  241  {Apid.  9,  CoUopt, 

1),  T).  837. 
C.  vulgaris,  No.  242  {Apid.  8,  Hymen. 

p.  1),  337. 
Carum  Canii,  No.  177  {Dipt.  21,  Coleopt. 

5,  Hymen.    17,  Apid.    11,   Lepid.  1, 
Neuropt.  1),  p.  275. 

C.  sativum.  No.  176  {Dipt.  8,  Apid.  10), 

p.  275. 
Caryopbylleae,  p.  125. 
Cassia  multijuga,  p.  220. 
Cattleya,  p.  528. 
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Caucalis  Anthriscue,  No.  196  {Bipi.  1, 

ffymen,  8,  Lepid.  I),  p.  286. 
C.  daucoides,  p.  286. 
Celastrinese,  p.  162. 
Centaurea   Cyanas,  Ko.   259  {Apid.   3, 

Hymen,  1,  Dipt.  3,  LepiiL  1),  p.  350. 
C.  Jacea,  No.  257  (Apid,  28,  Hymen,  1, 

Dipt,  6,  Lepid.  13),  p.  346. 
C.  Scabiosa,  No.  258  {Apid.  14,  Dipt.  2, 

Lepid.  3,  CoUopt.  1,  Hetnipt.  1),  p.  349. 
Centranthus  rub^r,  p.  308. 
Centrosema,  p.  215. 
Centrostemma,  p.  401. 
Centunculus,  p.  890. 
Cerastium   arvense,   No.   60  {Dipt.   13, 

Apid.  3,  Coleopt,  1,  Th,  1,  Lt^id.  1), 

p.  131. 
C.    semidecandram.   No.    62    (Dipt,  3, 

Apid,  1),  p.  182. 
C.  triviale.  No.  61  (Dipt.  2),  p.  132. 
C.  viscoeum,  p.  138. 
Cerinthe  glabra,  p.  421. 
C.  minor,  p.  422. 
Ceropejia  elegans,  p.  401. 
Chserophyllum  hireutum.  No.  188  (Dipt, 

1,  Coleopt,  2,  Hymen,  11,  Apid.  1),  p. 

278. 
C.  temulum.  No.  184  (Dipt,  10,  Coleopt, 

6,  Hymen,  7,  Apid,  1),  p.  279. 
Chamaedorea,  p.  562. 
Chamsorchis,  p.  532. 
Ohamissoa,  p.  509. 
Chapmannia,  p.  201. 
Chasalia,  p.  304. 
Chelidonium  majus.  No.  21   (Apid,   7, 

Syrph.  5,  [Dipt.  1]),  p.  94. 
Chelone,  p.  434. 
Chenopodiacese,  p.  509. 
Chenopodium  album,  p.  509. 
C.  ambrosioides,  p.  509. 
C.  bonus- Henricos,  p.  509. 
Chimonanthus  fragrans,  p.  89. 
Chrysanthemum   corymbosum,  No.  231 

{Hymen.  1,  Dipt.  \\  Hemipt.  1),  p.  331. 
C.  iuodorum,  No.  230  (ffymen.  1),  p. 

331. 
C.  leucauthemum,  No.  229  (Apid.    12, 

Hi/mcn.  10,  Dipt.  28,  Lepid,  5,  Coleopt. 

17),  p.  329. 
C.   Parthenium,   No.  232  {Lepid.  1),  p. 

332. 
Ghrysocoma  Linosyris,  No.  221  (Apid, 

4,  Dipt.  4,  Lepid.  3),  p.  322. 
Chrysosplenium  alterniMium,  No.  155 

{Dipt.  5,  Hymen,   i,    Coleopt.   4),   p. 

245. 
Chuquiraga  insignia,  p.  351. 
Cichoriacea;,  p.  351. 
Cichorium  Intybus,  No.  260  (Apid.   8, 

Dipt.  3,  Lepid.  1,  Coleopt.  1),  p.  351. 
Cinchona,  p.  804. 
Circa^  lutetiana,   No.   170  {Dipt.  5),  p. 

265. 
Cirsium,  nee  Cnicus. 


Cistines,  p.  117. 

Cistus  hirsutus,  p.  117. 

C.  villosufl,  p.  117. 

Clematis  balearica,  p.  70. 

■C.  integrifolia,  p.  70. 

C.   recta.   No.   1  (Apid,   7,    Hymen.  8, 

Syrph.  7,  Muse,  1,  Coleopt,  1),  p.  69. 
Cleome,  p.  114. 
Clitoria  mariana,  p.  215. 
Cnicus  acaulis,  p.  344. 
C.  arvensis,  No.  248  {Apid.  82,  BymeiLlI, 

Dipt.  24,  Lepid.  7,  CoUopt.  8),  p.  340. 
C.  eriopborus.  No.  251  {Apid.  1),  p.  341 
C.  heteropbyllns.  No.  254,  p.  844. 
C.  lanceofatus.  No.  250  {Apid.  6,  Hymen. 

1,  Syrph.  3,  Lepid.  2),  p.  848. 
C.  ochroleucus,  No.  252,  p.  848. 
C.  oleraceus.  No.  249  {Apid.  2,  LepJ. 

1),  p.  348. 
C.  palustris,  No.  253  {Apid.  9,  HymtK 

1,  Dipt.  4,  Lepid.  6,  Ceieopt.  2),  pi  341 
C.  spinosissimus,  p.  344. 

Cobtea  penduliflora,  p.  407. 

C.  scandens,  p.  407. 

Cochlearia  officinalis.    No.  82  {Syrpk,  1 

Coleopt.  1),  p.  105. 
Cocos,  p.  562. 

Colchicum  automnaley    No.   895  {B.  \\, 

p.  556. 
Coleus,  p.  471. 
Collinsia  bicolor,  p.  486. 
C.  vema,  p.  436. 
Coliomia,  p.  407. 
Combretacese,  p.  255. 
Combrvtum,  p.  255. 
Commelina  bengalensis,  p.  561. 
Commelinace«,  p.  561. 
Composite,  p.  315. 
Conifene,  p.  526. 
Conium  maculatnm.  No.    174  {Dipt,  i 

Cokopt.  3,  Hymen.  4,  Apid.  1),  p.  274. 
Conophallus  Titanum,  p.  564. 
Convallaria  majalis,    Ko.    889  {A*.V  p. 

549. 

C.  multiflora.  No.  890  {B,  2,   Rking.  1«. 

p.  550. 
C.  verticillata,  p.  550. 
Convolvulaceae,  p.  423. 
Convolvulus  arvensis.  No.    311  (Apid. «. 

Dipt.  8,  CoUopt.  8,  Hymen.  1).  p.  4??- 
C.  sepium  {Lepid.  n.  1  !    IDtpt.  2,  Jy^i. 

2,  Coleopt.  1,  Orihopt.  1,  Th.  11)  p.  \% 
Conyza  squarrosa.  No.    220    (Ad^  1*s 

Hytnen.  1),  p.  322. 
Cordia,  p.  408. 
Cordieae,  p.  408. 
Coriaria  mjrrtifolia,  p.  167. 
Coriarieas  p.  167. 
Comace«e,  p.  287. 
Cornus  sangiinea,  No.  197  (Coieopt.  11 

Diid.  2,  Hymen.  1),  p.  287. 
Corouilla  Emems,  No.  II3    p    igg 
C.  glauca,  p.  199.  '  ^' 

C,  minima,  p.  199. 
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Coronilla  montana,  p.  199. 

C.  varia,  No.  114  (A\),  p.  198. 

Correa,  p.  162. 

Cortusa,  p.  889. 

Ck>]7dalis  cava,  No.  28  (J?.  1,  [Jpid.  6, 

Dipt.  2]),  p.  97. 
C.  lutea,  No.  25  {B.  1),  p.  99. 
C.  nobilis,  p.  98. 
C.  ochroleuca,  p.  98. 
C.  solida,  No.  24  {B.  1,  [Jpid.  2,  Dipt. 

2]),  p.  98. 
Corylus  Avellana,  p.  528. 
Cotoneaster  vulgans.  No.  154,  p.  241. 
Crassulacese,  p.  251. 
Crataegus  Oxyacantha,   No.  153  {Dipt. 

24,  Coleopt.  14,  Apid.  19),  p.  240. 
Crepis  biennis.  No.  268  {Jpii.  28,  Dipt. 

7,  Coleopt.  l),p.  853. 
C.  tectorum,  No.  264  {Apid.  8,  ffymen.  1, 

Dipt.  1),  p.  858. 
C.   virens.  No.  265  {Apid.  9,  Dipt.  8, 

Coleopt.  1),  p.  858. 
Crinuin,  p.  560. 
Crocus  sativus,  p.  548. 
C.  vernus,  p.  647. 
Cruciferae,  p.  100. 

Cryphiacanthus  barbadensis,  p.  467. 
Cryptocoryne,  p.  565. 
Cryptostachys,  p.  568. 
Cryptostemma,  p.  861. 
Cucurbitacete,  p.  268. 
Cuphea  floribunda,  p.  261. 
C.  melvilla,  p.  261. 
C.  silenoides,  p.  261. 
Cupuliferae,  p.  528. 
Cuscuta  Epith^mum,  p.  425. 
Cynanchum  Yincetoxicum,  p.  401. 
Cynaroide®,  p.  886. 
Cypella,  p.  547. 
Cyperaceee,  p.  565. 
Cyphieae,  p.  866. 
Cypripedinae,  p.  589. 
Cypripedium  barbatum,  p.  541. 
C.  Calceolus,  No.  886  {Apid.  5,   [+  1, 

Dipt.  4,  Coleopt.  1]),  p.  639. 
C.  caudatum,  p.  541. 
Cytinaceae,  p.  616. 
Cytisus  albus,  p.  195. 
C.  canadensis,  p.  195. 
C.  Laburnum,  No.  Ill  {Apid.  6,  [Lepid. 

1.  Coleof^.  1]),  p.  198. 
C.  sagittalis,  p.  195. 

C.  scoparius,  No.  112,  p.  195. 

Djedalaoanthus,  p.  467. 
Dahlia,  p.  861. 
Dalechampia,  p.  520. 
Dampiera,  p.  864. 
Daphne  mezereum,  p.  519. 

D.  striata,  p.  519. 

DaucuB    Carota,    No.     195    {Dipt.    19, 
Coleopt.  10,  Hymen.  19,  Apid.  9,  Lepid. 

2,  Hemipt.  1,  Neuropt.  1),  p.  285. 
D.  grandiflora,  p.  286. 


Delphinium  ^acis,  p.  86. 

D.  Consolida,  No.  15  {B.  1,  [Lepid.  2]), 

p.  85. 
D.  elatum.  No.  14  {B.  1),  p.  88. 
D.  Staphysagria,  p.  85. 
Dendrobium,  p.  527. 
Dianthus  atrorubens,  p.  127. 
D.  Carthusianonun,  No.  58  {Lepid.  d.  7, 


[Apid.  1]),  p.  126. 

.  chi 

127. 


D.  chineusis, 


J),  p.  15 
is.  No. 


54  {Lepid.  d.  8),  p. 


D.  deltoides.  No.  52  {Lepid.  d.  2,  [Syrph. 

4]),  p.  125. 
D.  silvestris,  p.  127. 
D.  superbus,  p.  127. 
Diclytra  cucuilaria,  p.  96. 
D.  eximia,  p.  96. 
D.  spectebilis,  No.  22  {B.  2,  [Apid.  6j), 

p.  95. 
Dictamnus,  p.  162. 
Diervilla,  p.  299. 
Digitalis  ambigua,  p.  438. 
D.  lutea,  p.  438. 
D.  purpurea,  No.  328  {B.  3,  [Apid.  2, 

CoUiipt.  S]),  p.  437. 
Dionysia,  p.  889. 
Dioscorea,  p.  561. 
Dioflcoreaceae,  p.  661. 
Diospyros  Tirginiana,  p.  392. 
Diplacus,  p.  426. 
Dipsaceae,  p.  808. 

Dipsacus  silvestris,  No.  210  {B.  8),  p.  308. 
Dipteracanthus,  p.  467. 
Doronicum,  p.  861. 
Dorycnium  hirsutum,  p.  178. 
Draba  aizoides,  p.  105. 
D.  vema.  No.  81  {Apid.  8),  p.  105. 

D.  Wahlenbergii,  p.  105. 
Dracunculus  vulgaris,  p.  564. 
Drosera,  p.  255. 
Droseraceae,  p.  255. 
Drummondia,  p.  248. 
Dryas  octopetala,  p.  228. 

Ebenacejc,  p.  892. 

Echinops  Ritro,  p.  387. 

£.  sphsexocephalus.  No.   240   {Apid.  5, 

Hymen.  1),  p.  336. 
Echinospermum  Lappula,  p.  416. 
Echium  vulgare,    No.    810   {Apid,   44, 

Hymen.  5,  Dipt.  6,  Lepid.  9,  Coleopt. 

1),  p.  418. 
Elaeagnaceae,  p.  520. 
Elssagnus,  p.  520. 
Empetraceie,  p.  526. 
Empetrum,  p.  526. 
Epacrideae,  p.  382. 
Epacris,  p.  882. 
Epidendreae,  p.  528. 
Epidendrum,  p.  529. 
Epieaea,  p.  876. 
Epilobium  alpinum,  p.  264. 

E.  angustifolium.   No.   166  {Apid.   IC, 
Hymen.  4,  Dipt.  8,  Lepid.  I),  p.  261. 
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Epilobium  Fleischeri,  p.  262. 

£.  hirsutum,  p.  268. 

£.  origanifolium,  No.  168  (Lepid,  1),  p. 

263. 
E.    paryifionim,   No.    167   (Coleopt.   I), 

p.  262. 
Epipactis  latifolia,  p.  632. 
E.  micropliylla,  p.  532. 
E.  palustris,  p.  533. 
E.  viridiflora,  p.  532. 
Epipogon  Gmelini,  p.  533. 
Eranthemum,  p.  467. 
Eranthis  liiemalis,  No.  12  {Dipt.  8,  A*.) 

p.  80. 
Eremurus  spectabilis,  p.  552. 
Erica  carnea,  p.  377. 
E.  cinerea,  p.  377. 
E.  tetralix,  No.  286  {Apid,  7,  Syrph.  3, 

Lepid.  1),  p.  376. 
Ericacese,  p.  875. 
Ericeffi,  p.  376. 
Krigeron  alpinus,  p.  322. 
E.  uniflorus,  p.  322. 
Eritrichium,  p.  422. 
Erodium  Cicutarium,  No.  88  {Apid.  1, 

Coleopt.  1),  p.  158. 
Ervum  lens,  p.  201. 
Eryngium  canipestre.  No.  172  {Hymen. 


11,  Apid.  5,  Dipt.  8),  p.  271 
rytliraea  Centi 
d.  3),  p.  407. 


Erytiinea  Centaiirium 


I),  p.  i 
,  No. 


298  {Lepid. 


Erythrioa  crista-galli,  p.  215. 

£.  herbacea,  p.  215. 

E.  velutina,  p.  215. 

Erythroxylon,  p.  149. 

Eschscholtzia  califomlca,  p.  94. 

Eupatoriacese,  p.  318. 

Eupatorium      cannabinum.      No.     214, 

{Apid.  2,  Dipt.  6,  Lepid.  7),  p.  318. 
Euphorbia  Cyparissias,  p.  520. 
E.  lielioscopia,  p.  519. 
Eupliorbiacea?,  p.  520. 
£uphi*asia  minima,  p.  447. 
E.  officinalis.  No.  332   {ApUl.  4,  Dipt. 

3),  p.  447. 
E.  salisburgensis,  p.  450. 
Euonymus  curopa*^,  No.   85  {Dipt.   12, 

fftnnen.  1),  p.  162. 


Faramea,  p.  304. 

Festuca  pratensis,  p.  568. 

Ficus  Carica,  No.  377,  p.  521. 

Forsytliia,  p.  392. 

Fragaiia  vesca,  No.  138  {Dipt.  8,  Coleopt. 

7,    Th.    1,    Apid.   8,   Hyinen.    1),   p. 

230. 
Fritillaria  imperialis,  p.  656. 
Fuchsia,  p.  265. 
Fu  in  aria  capreolata,  p.  100. 
F.  officinalis,  No.  26  {A*.),  p.  99. 
F.  parviflora,  p.  100. 
F.  spicata,  p.  100. 
Fumariacea;,  p.  95. 


GaGEA  ARVBNSI8,  p.   556. 

G.  Liottardi,  p.  556. 

G.  Intea,  p.  556. 

Galactia,  p.  215. 

Galanthns  nivaliB,  No.  396  (^*.),  p.  559. 

Galeobdolon  luteam.  No.   360  {B.  5,  [B. 

1,  Apid.  1]),  p.  496. 
GaleopslB  Ladanum,  No.  358  {B.  8,  Apid. 

1),  p.  493. 
G.  ochroleuca,  No.    857  {B.  1),  p.  491 
G.   tetrahit,   No.  356   {B,   3,   [Apid,  1. 

Syrph.  1]),  p.  491. 
G.  versicolor,  p.  493. 
Galium  boreale  {Dipt,  1),  p.  301. 
G.  cruciatom,  p.  306. 
G.  Mollugo,  No.  205  (Dipt.  8,  Eymn. 

1),  p.  800. 
G.  panistre,  p.  802. 
G.  silvestre,  p.  801. 
G.  tricome,  p.  802. 
G.  uliginofium,  p.  302. 
G.  veram,  No.  206  {Dipt.   2,  CoU(fpt.  4, 

Hymen.  1),  p.  801. 
Gaudichaudia,  p.  149. 
Genista  anglica,  No.    109   {Apid.  3),  p. 

192. 
G.  pilosa.  No.  110  {A*,),  p.  198. 
G.  tinctoria,  No.  108  {Apid.  16,  [Hym&L 
1,  Dipt.  8,  Lepid.   1,    Coleopt.  8]).  p>. 
188. 
Genistee,  p.  187. 
Gentiana  acaulis,  p.  403. 
G.  Amarella,  No.  297  {B.  1),  p.  404. 
G.  asclepiadea,  p.  403. 
G.  bavarica,  p.  404. 
G.  campestris,  p.  405. 
G.  ciliata,  p.  404. 
G.  glacialis,  p.  404. 
G.  lutea,  p.  402. 
G.  nana,  p.  405. 
G.  nivalis,  p.  404. 
G.  obtusifolia,  p.  405. 
G.  Pneumonanthe,  No.    296  {B.  2),  I 

403. 
G.  punctata,  p.  403. 
G.  tenella,  p.  404. 
G.  vema,  p.  404. 
Gentianea;,  p.  402. 
Geraniacea;,  p.  149. 
GeraniecB,  p.  149. 
Geranium  moUe,  No.  80  {Divt   5    A^ 

3),  p.  153.  ' 

G.  palustre,  No.   76  {Apid.  9,  Dipt^. 
Lepid.  1),  n.  149. 

G.  pratense,  No.  77  {Apid.  12,  Dipt,  h 
p.  150.  -»      ^ 

G.  pudllum.  No.  81  {Syrph.  1),  p.  IM 
G.    pyrenaicum,    No.      78    {Apid.    U- 

Hynun.   2,   Dipt.  12,    CoUopt.  8),  \ 

151. 
G.    robertianum,     No.     82    {Bkinq.  I. 

Coleopt.  1,  Lepid.  1),  p.  156. 
G.  sanguineum,  No.  79  {Apid.  2.  Hwt*^ 

2,  Bhin^.  1),  p.  152. 
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Gesneracea?,  p.  466. 

Geum  roontanum,  p.  229. 

G.  reptans,  p.  229. 

G.   rivale,  No.   136  {B,   11,  [Apid.  21 

Rking.  1,  Coleopt.  1),  p.  229. 
G.  urbfumm.  No.  137  (Syrph,  1,  Coleopt, 

1),  p.  230. 
Gilia  micrantha,  p.  408. 
G.  pnlchella,  p.  408. 
Gladiolus  commuDis,  p.  548. 
G.  palustris,  p.  548. 
G.  segetum,  p.  548. 
Glaucium  luteum,  p.  94. 
Glechoma  ;  see  Nepeta,  p.  484. 
Globularia  cordifolia,  p.  468. 
G.  nudicaulis,  p.  468. 
G.  vulgaris,  p.  468. 
(Slobulariaceee,  p.  468. 
Gloriosa  superba,  p.  557. 
GloBsostigma  elatinoides,  p.  436. 
Glycine,  p.  214. 
GnaphaliuTD  luteo-album.  No.  222  {Apid, 

2,  Hymen,  2,  Di^.  4),  p.  324. 
G.  uliginosum  {Apid,  1),  p.  324. 
Godetia,  p.  265. 
Goethea  coccinea,  p.  146. 
Goldfussia  anisophylla,  p.  467. 
Gomeza,  p.  528. 
Gomphocarpus,  p.  400. 
Gossypiumnerbaceum,  p.  145. 
Goooenia,  p.  364. 
Goodenoviese,  p.  364. 
Goodyera  repeus,  p.  532. 
Graminese,  p.  568. 
Gymnadenia  conopsea,  p.  534. 
G.  odoratissima,  p.  534. 
Gymnospermese,  p.  526. 
Gypsophila  pauiculata,  No.  55  {Dipt,  15, 

Hymen,  5),  p.  127. 
G.  repens,  p.  128. 

Habenaria,  p.  533. 

Ualoragese,  p.  255. 

Hedera,  p.  287. 

Hedychium,  p.  542. 

Hedyotis,  p.  304. 

Heeria,  p.  255. 

Helianthemura  alpestre,  p.  117. 

H.  guttatum,  p.  117. 

H.  Kahiricum,  p.  117. 

H.  ledifolium,  p.  117« 

H.  Lippii,  p.  117. 

H.  villosum,  p.  117. 

H.  vulgare.  No.  45  {Syrph,  6,  Apid,  4, 

Coleopt,  1),  p.  117. 
Heliiinthoidese,  p.  325. 
Helianthus  multiflorus.  No.  224  (Apid, 

1,  Syrph,  3),  p.  825. 
Helleborus,  p.  81. 
Hemerocallis  fnlya,  p.  554. 
Hepatica  triloba,  p.  71. 
Heracleum  Sphondylium,  No.  194  {Dipt,, 

49,  Coleopt,  21,  Hymen,  34,  Apid,  18, 

Hemipt,  1),  p.  284. 


Herminium  Monorchis,  p.  533. 

Hemiaria  glabra,  p.  509. 

Hesperis  matronaiis.  No.  84   {Dipt,   6, 

Apid,  3,  Lepid,  3,  Coleopt,  1),  p.  108. 
H.  tristis,  p.  108. 
Heterocarpsa,  p.  201. 
Heterotoma,  p.  865. 
Heti-rotropa  asaroides,  p.  517. 
Heuchera,  p.  243. 
Hieracium  pilosella,  No.  267  {Apid,  9, 

Hymen,  1,  Dipt,  2,  Lepid,  3,  Coleopt, 

3),  p.  355. 
H.   umbellatum.    No.   266    {Apid.    10, 

Hymen,  1,  Dipt,  5,  Lepid.  4),  p.  354. 
H.  vulgatum.  No.  268  {Apid,  8,  Lepid, 

1),  p.  356. 
Himantoglossum  hircinum,  p.  534. 
Hippocrepis  comosa.  No.  115,  p.  199. 
Hockinia,  p.  422. 
Homogyne  alpine,  p.  335. 
Honkeneja  pploides,  p.  137. 
Hordeum  diistichum,  p.  568. 
H.  vulgare,  p.  568. 
Horminum  pyrenaicum,  p.  477. 
Hottonia  palustris.  No.  289  {Hymen,  1, 

Dipt.  6),  p.  386. 
Hoya,  p.  401. 
Uutchinsia  alpina,  p.  111. 
Hyacinthus  orientalis.  No.  394  {Apid,  4, 

Dipt.  1,  Coleopt,  1),  p.  554. 
Hydrangeae,  p.  248. 
Hydrocharideae,  p.  526. 
Hydrocharis,  p.  627. 
Hydrocotyle  americana,  p.  271. 
H.  vulgaris,  p.  271. 
Hyoscyamus  niger.  No.  316  {Apid,  2), 

p.  427. 
Hyoseris  radiata,  p.  351. 
Hypecoum  grandiilorum,  p.  95. 
U.  procumbens,  p.  95. 
Jiypericaceae,  p.  139. 
Hypericum  hirsutum,  p.  140. 
H*  numifusum,  p.  141. 
H.  perforatum.  No.  68  {Apid.  8,  Hym^n, 

1,  Dipt,  15,  Lepid,  2,   Coleopt,  1),  p. 

139. 
H.  quadrangulnm,  p.  141. 
Hypochoeris  glabra.  No.  269  {Apid,  5), 

p.  356. 
H.  radicaU,  No.  270  {Apid,   22,  Dipt, 

6),  p.  356. 

Illecebracejs,  p.  509. 
Illecebrum  verticillatum,  p.  509. 
lUicium  religiosum,  p.  89. 
Impatiens,  p.  160. 
Indigofera  macrostachya,  p.  198. 
I.  speciosa,  p.  198. 
Inula,  p.  361. 
Inuloidese,  p.  324. 
loeroma  tubulosum,  p.  427. 
lonidium,  p.  121. 
Ipomea  pestigridis,  p.  425. 
Irideae,  p.  648. 
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Iris  Pseud-Acoras,  No.  387  (B.  4,  [Apid. 

21,  Rhing.  1),  p.  548. 
Isotoma  axillaris,  p.  365. 

Jaxusia,  p  149. 

Jasione  moutana.   No.   283  (Apid,  47, 

Hymen.  20,  Dipt.  22,  Lepid.  7,  Coleopi. 

3),  p.  369. 
JasmiDum,  p.  392. 
Joglandaceffi,  p.  523. 
Joglans  ciiierea,  p.  523. 
J.  regia,  p.  523. 
Juncaceae,  p.  561. 
Juncus  bufonios,  p.  561. 
J.  filiformis,  p.  561. 
J.  sphaerocarpua,  p.  561. 
Jarinea,  p.  361. 

Kalmia  angustifolia,  p.  881. 
K.  latifolia,  p.  380. 
K.  polifolia,  p.  380. 
Kernera  saxatilis,  p.  105. 
Knautia  ;  see  Scabiosa,  p.  309. 
Knoxia,  p.  304. 

Labiatjs,  p.  469. 

Lactuca,  p.  361. 

Lagerstrceinia,  p.  260. 

Lamium  album,   No.    859    {Apid,    11, 

[Apid.  51  Ming.  1),  p.  493. 
L.  amplexicaule,  p.  496. 
L.  Gafeobdolon,  No.  860  {B.  6,  [B.  1, 

Apid.  1]),  p.  496. 
L.  incisum,  ISo.  363  {Apid.  5),  p.  498. 
L.  maculatum,  No.  361  {Apid.  2,[Apid. 

2],  Rhing.),  p.  496. 
L.  purpureum.  No.  362  {Apid.  9,  Dipt. 

1),  p.  497. 
Lantana,  p.  460. 

Lappa  minor,  No.  243  {Apid.  2),  p.  338. 
L.  tomentosa,  No.  244  {Apid.  5,   Lepid. 

1).  p.  338. 
Lapeaoa  communis.  No.  261  {Syrph.  3), 

p.  351. 
Lariz,  p.  526. 

Lathyrus  grandiflonis,  p.  211. 
L.  montanus,  No.  123  {Apid.  2,  [Lepid. 

1]),  p.  210. 
L.  odoratus.  No.  124,  p.  211. 
L.  pratensis,  No.  120  {Apid.  6),  p.  207. 
L.  silvestris,  No.  122  {Apid.   1,  [Lepid. 

6]),  p.  210. 
L.  tuberosus,  No.  121  {Apid.  1,  [Lepid. 

2]).  p.  210. 
L  vemus.  No.  125  {Apid.  1),  p.  211. 
Lavandula  vera,  No.  336  {Apid.  11),  p. 

469. 
Lechca,  p.  117. 
Leguminosse,  p.  167. 
Lemna  gibba,  p.  565. 
L.  minor,  p.  565. 
L.  polyrrhiza,  p.  565. 
L  triuulca,  p.  565. 
Lomnacete,  p.  565. 


Lentibulariese,  p.  465. 

Leontodon  autumnaks,  No.  271  (^jraci.  14, 

Hymen.  1,  Dipt.  11»  Lepid,  2),  p.  356. 
L.  hMtUe,  No.  272  iApid.  9,  H^mm.  1, 

Dipt.  8,  Lepid.  1),  p.  858. 
L.  hirtos,  No.  273  {ApiA.  15,  Syrpk.  S, 

Lepid.  1),  p.  358. 
Leonoras  Caniiaoa,  p.  495. 
Lepidium  sativum.    No.    88   {DipL  10, 

Hymen.  5«  Apid>,  9,  CfoUopt.  4»  Laid. 

1),  p.  110. 
Leptosiphon  micranthum,  p.  408. 
Leschenaultia  formosa,  p.  364. 
Lssperdeza,  p.  201. 
Leucosmia,  p.  519. 
Liatris,  p.  361. 
Ligustrum  vulgare,   No.  292  {Apid.  1, 

Syrph.  1),  p.  393. 
LilU(^,  D.  548. 
Liliom  bmbifeniiii,  p.  555. 
L.  croceum,  p.  556. 
L.  MartagoD,  p.  655. 
Limnantbemum,  p.  407. 
Linaria  alpina,  p.  482. 
L.  Cymbaiaria,  p.  433. 
L.  minor,  p.  432. 
L.  Tulgarifl,  No.  820  {ApUL  8,  [JTmms. 

l]),p.  431.  '^ 

Lines,  p.  147. 
Linnsa  borealia,  p.  298. 
Linum  catharticom.    No.    74  {DiaL  SV, 

p.  147. 
L.    nsitatissimum,    No.     75    (^^idL   % 

Lepid.  1),  p.  148. 
Listera    ovate.    No.      380     {OoUepL   S, 

Hymen.  7,  [B.  1]).  p.  295. 
Lithospermum  arvenae,  No.   309  {LewiL 

d.  2),  p.  417. 
L.  canescens,  p.  418. 
L.  longiflorum,  p.  418. 
Lloydia  serotina,  p.  555. 
Loaseie,  p.  267. 
Lobelia  Erin  us,  p.  365. 
L.  fulgens.  p.  865. 
L.  syphilitica,  p.  365. 
Lobelieae,  p.  365. 
Loiselenria  procumbens,  p.  300. 
Loniccra  alpigena,  p.  298. 
L.  Caprifolmm,  No.   202  {LmM.  «.!  7, 

[+  3,  Apid.  2,  Dipt.  3]),  p.  293. 
L.  ccerulea,  p.  295. 
L    Periclymenum    (Lepid^  n^  J  [B.  ID, 

p.  295.  *^ 

L.  serotina,  p.  555. 
L.  taterica,  No.  203,  p.  297. 
L.  Xylosteum,  No.  204  {Apid.  3,  Dj*t 

2),  p.  297.  -f         .     T- 

Lopezia  coronate,  p.  265. 
L.  miniata,  p.  265. 
L.  racemosa,  p.  265. 
Lotes,  p.  167. 
Lotus  comiculatna,   No.   90   (Amd.  H 

[Dift.  2,  Lepid.  6]),  p.  167. 
Lucuua,  p.  304. 
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Lupinus  lutens,  No.  107  {Apid,  8),  p. 

187. 
Luzula  campestris,  p.  561. 
L.  lutea,  p.  561. 
L.  nivea,  p.  561. 
L.  pilosa,  p.  561. 
Lychnis  alpina,  p.  129. 
L.  flos-cuculi.  No.  57  {Apid.  7,  Lqnd, 

6,  Syrph,  8),  p.  129. 
L.  flos-Jovis,  p.  129. 
L.  Githago,  14  o.  59  (Lepid,  d.  2,  [Bhing. 

1]),  p.  131. 
L.  vespertina,  No.  58  {Lepid.  n,  1),  p.  181. 
L.  viscaria,  p.  129. 
Lycium  barbarum,  No.  815  {Apid.  S), 

p.  426. 
Lycopsis  arvensis,  No.  803  {Lepid.  d.  1), 

p.  411. 
Lycopus  europfleus,  No.  839  (Hymen.  1, 

Dipt.  6,  Hemipt.  1,  Lqrid.  1,  Th.  1), 

p.  471. 
Lysimachia  Nummularia,  p.  890. 
L.  thyraiflora,  p.  390. 
L.  vulgaris,   No.  290  {Apid.  3,  Hymen, 

1,  Syrph.  1),  p.  389. 
Lythrarieffi,  p.  255. 
Lythrum  Orsefferi,  p.  260. 
L.  hyssopifolia,  p.  260. 
L.  Sallcaria,  No.  165  {Apid.  9,  Syrph.  7, 

Lepid.  2,  Coleopt.  2,  Th.  1,  Hemipt.  1), 

p.  255. 
L.  thymifolia,  p.  260. 

Maqnolta  Ulan,  p.  89. 

M.  grandifiora,  p.  90. 

Ma^oliaceffi,  p.  89. 

Malachium  aquaticum,  No.  63  (Dipt.  5, 

Coleopt.  1,  Th.  1,  Apid.  3),  p.  183. 
Malpighiaceae,  p.  149. 
Malva  Alcea,  No.  71  {Apid.  8),  p.  144. 
M.  moschata,  No.  72  {Apid.  3,  Dipt.  1, 

Lepid.  1),  p.  144. 
M.  rotnndifolia,   No.  70  {Apid.  4),  pp. 

142,  144. 
M.  silvestris,  No.  69  {Apid.  26,  Hymen. 

1,  Dipt.  2,  Lepid.  1,    Coleopt.  1),  p. 
142. 

Malvacese,  p.  142. 

Mandragora  vemalis,  p.  427. 

MaDettia,  p.  804. 

Maranta  anindinacea,  p.  548. 

M.  bicolor,  p.  542. 

M.  canntefolia,  p.  542. 

Marantes,  p.  542. 

Marcgravia  nepenthoides,  p.  142. 

Marcgraviaces,  p.  142. 

Marrubium,  p.  489. 

Martha  fragrans,  p.  805. 

Martiusia,  p.  214. 

Martynia,  p.  466. 

Matncaria  Chamomilla,  No.  283  {Apid. 

2,  Hymen.  1,  Dipt.  11,  Coleopt.  3),  p. 
882. 

Manrandia,  p.  434. 


Medicago  falcata,   No.    94    {Apid,   11, 

Dipt.  2,  [Lepid.  6]),  p.  179. 
M.  lupulina,  No.  95  {Apid.  4,  Dipt.  2, 

Lepid.  1),  p.  180. 
M.  sativa,  No.  93  {Lepid,  d,  9  ?,  [Apid, 

2]),  p.  175. 
Melampodium,  p.  361. 
Melampyrum  arvense,  p.  461. 
M.  nemorosum,  p.  461. 
M.  pratense,  No.  335  (Apid.  8,  [+   8, 

Dipt.  1]),  p.  458. 
M.  silvaticum,  p.  461. 
Melastomacese,  p.  255. 
Melilotus  officinalis.   No.  96  {Apid.  5, 

Hymen.  1,  [+  1]),  p.  180. 
M.  vulgaris.  No.  97  (-4*.),  p.  181. 
Melittis  melissophyllum,  No.  351  {Apid, 

1),  p.  486. 
Melvilla,  p.  261. 
Mentha    aquatica,    No.    388    {Apid.    4, 

Hymen.  1,  Dipt.  18),  p.  471. 
M.  arveusis,  No.  887  {Dipt,  10,  Lepid, 

1),  p.  470. 
Menyanthes  trifoUata,  p.  407. 
Mertensia,  p.  422. 
Methonica  superba,  p.  557. 
Meum,  p.  286. 
Meyenia  erecta,  p.  467. 
Mimosacese,  p.  220. 
Mimulus,  p.  486. 
Mirabilis  Jalapa,  p.  508. 
Mitchella,  p.  304. 
Mitella  pentandra,  p.  243. 
Moehringia  trinervia,  No.  67  (Coleopt.  1), 

p.  136. 
Monarda  ciliata,  p.  477. 
M.  didyma.  No.  345  {Lepid.  1),  p.  477. 
Monocnoria,  p.  561. 
Monocotyledons,  p.  526. 
Morina  elegans,  p.  808. 
Mttsa,  p.  543. 
Muscari  botryoides,  p.  564. 
Muses,  p.  548. 
Mutisiacese,  p.  351. 
Myosotis  alpestris,  p.  415. 
M.  hispida,  No.  308  {Apid.  1),  p.  416. 
M.  intermedia,  No.  306  {Apid.  3,  Dipt. 

2),  p.  415. 
M.  palustris.  No.  807  {Lepid,  1,  Dipt,  1), 

p.  416. 
M.  silvatica.  No.  305  {Apid,    1,  Dipt. 

11),  I).  414. 
M.  versicolor,  p.  416. 
Myosurus  minimus,  p.  73. 
Myriophyllum  spicatum,  p.  255. 
M.  verticillatum,  p.  255. 
Myrrhis    odorata.    No.    182    (Dipt.    3, 

Coleopt.  1,  Hymen.  1,  Apid.  1),  p.  278. 

NAIADAOSiB,  p.  567. 
Narcissus  Tazetta,  p.  560. 
Nardus  stricta,  p.  568. 
Nasturtium  amphibia,  No.  28  (Hymen.  1, 
Dipt.  4),  p.  102. 


664 


THE  FERTILISATION  OF  FLOWERS. 


Nasturtium  oflBeinale,  p.  101. 

K.  silvestre,  No.  27  {Hymen.  2,  Apid,  8, 

Dipt,  6),  p.  100. 
Neea  theifera,  p.  608. 
Neotinea,  p.  527. 
Neottia  nidus-avis,  No.  381,  {Dipt,   1, 

[+  2]),  p.  531. 
Neottiete,  p.  529. 
Nepcta  Glechoma,  No.  349  {Apid.  21, 

Dipt.  4,  Lepid.  3),  p.  484. 
Nerium  odorum,  p.  396. 
N.  Oleander,  p.  396. 
Nertera,  p.  304. 
Nesaea,  p.  260. 
Neurocarpum^  p.  214. 
Nigella  arvensis,  p.  81. 
N.  damascena»  p.  81. 
Nigritella  angustifolia,  p.  534. 
N.  suaveolens,  p.  534. 
Notylia,  p.  528. 
Nuphar  luteum.  No.  19  (Dipt.  1»  Colcopt. 

1),  p.  98. 
Nyctagineffi,  p.  508. 
Nympnffia  alba,  p.  93. 
>J  ymphaeacese,  p.  93. 

OCYMUM,  p.  469. 

Odontites  lutea.  No.  331,  p.  447. 

O.  serotina.  No.  330  {Apia.  3),  p.  445. 

(Kiianthe  fistulosa,    No.    187  {Dipt,   9, 

Coleopt.  1,  Apid.  3),  p.  281. 
(E.    Phellandrium,    No.    188   {Dipt.    7; 

Colcopt.  3,  Hymen,  7,  Apid.  2,  Lepid. 

1),  p.  281. 
(Enotncra  biennis,  No.  169  {Lepid.  n.  1, 

Apid.  6,  Syrph.  3),  p.  264. 
CE.  sinuata,  p.  264. 
(K.  tenella,  p.  265. 
Oleaceae,  p.  39?. 

Omphalodes  verna  {Apid.  2),  p.  416. 
Onagrarieae,  p.  261. 
Oncidium,  p.  528. 
Onobrychis  sativa,  No.   116  {Apid,  22, 

Syrph.  1,  Lepid.  5),  p.  200. 
Ononis  spinosa,  No.  92  {Apid.  13),  p.  174. 
Onopordon  Acanthium,  No.  255  {Apid. 

11,  Hymen.    1,  Lepid.  3,   Coleopt.  1, 

Heniipt'.  2),  p.  344. 
Ophiorhiza,  p.  304. 
Ophrydeae,  p.  533. 
Ophrys  muscifera,  p.  534. 
Orchidere,  p.  527. 
Orchis  glubosa,  p.  539. 
O.  latifolia.  No.  384  {Apid.  12,  DipQ, 

pp.  535,  539. 
O.  luaculata.  No.  385  {B.  1,  Dipt.  4),  pp. 

535,  589. 
0.  mascula.  No.  382  {B.  8),  pp.  535,  539. 
O.  mono,   No.   383  {Apid.  9),  pp.  585, 

639. 
0.  tridentata,  p.  539. 
().  nstulata,  p.  539. 
Origanum  vulgare,  No.   342  {Apid.   5, 

Dipt.  12,  Lqiid.  2),  p.  475. 


Oryza  clandestina,  p.  568. 
Oxalideae,  p.  159. 
Ozalis,  p.  159. 
Oxybapnus,  p.  508. 

Pjeonia  MouTAif,  p.  88. 

PaliuTus  aculeatos,  p.  163. 

Palmae,  p.  562. 

Pancratium  maritimainy  p.  560. 

Papaver  alpinum,  p.  94. 

P.  Argemone,  p.  94. 

P.  Argemonoioes,  p.  94. 

P.  dubium,  p.  94. 

P.  hybridum,  p.  94. 

P.   Rhoeas,  No.  20  {Apid.   7,  Dipt.  1, 

Coleopt.  1,  Orthopt,  1),  p.  93. 
PapaveraceflB,  p.  93. 
Paradisia  Liliastnmiy  p.  552. 
Parietaria,  p.  520. 
Paris  quadnfolift,  p.  557. 
Pamassia  palustris.  No.   157  {Muge.  15, 

Hymen.  4,  Coleopt,  2),  p.  247. 
Passiilora  coerola,  p.  267. 
P.  racemosa,  p.  268. 
Passiflore®,  p.  267. 
Pastinaca    sativa.    No.     193     {Dipt.  7, 

Hymen.  7),  p.  284. 
PauUinia,  p.  164. 
Pavia  rubicunda,  p.  166. 
Pavonia  hastata,  p.  146. 
Pedicularis  silvatica.  No.  333  {B.  6,  ff 

1]),  p.  450. 
P.  verticiUata,  p.  454. 
Pelargonieee,  p.  159. 
Pelargonium,  p.  158. 
Pemphis,  p.  261. 
PentstemoD,  p.  434. 
Periploca,  p.  402. 
Petasites  albus,  p.  334. 
Petroselinum  sativum.  No.  176  iDivt  S, 

Apid.  1),  p.  275.  '^' 

Peucedanum  Cervaria,  No.  191  {DipL  4. 

Coltopt.  2,  Hymen.   15.    Apid.  5),  ^ 

282. 
P.  graveolens.  No,  192  {Dipt,  15,  Hymen. 

25,  Apid,  6),  p.  283. 
P.  sativum.  No.  193,  p.  284. 
Phaseoleac,  p.  214. 
Phaseolus  angulus,  p.  215. 
P.  Caracalla,  p.  215. 
P.  coccinens,  p.  215. 
P.  muliiflonis,  p.  217. 
P.  vulgaris,  p.  216. 

Philadelphiuscoronarius(^«ici  9  ^wrr*. 
3,  CoUopt.  2),  p.  248.        '^     '    *    f-  ^ 

Phlox  paniculata.    No.    299  {Lepid.  x.. 

Dipt.  2),  ^.  iOI ,  ^     ^         • 

Physianthus,  p.  400. 
Physostegia,  p.  489. 
Phyteuma,  p.  369. 
Picris  hieracioides.  No.    262  {Apid.  1«, 

Hyrnen-  1,  L>ipt.  9,  Lepid.  3),  p.  '852. 
PimpinelU  magna.  No.  180  {Apid.  2),  ^ 
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Pimpinella  Saxifraga,  No.   181  {Dipi.  8, 

Coieopt.  4,  Hymen.  7,  Apid.  3,  Neuropt, 

1),  p.  277. 
Pinguicula  alpina,  p.  466. 
P.  lusitanica,  p.  466. 
P.  Yulgaris,  p.  466. 
Pinus,  p.  526. 
Pisonia  hirtella,  p.  508. 
Pisum  sativum,  No.  126  (Apid.  3),  p.  211. 
Plantaginese,  p.  503. 
Plantago  alpina,  p.  506. 
P.  lanceolata,  No.  367  {Apid.  8,  Syrph. 

3),  p.  503. 
P.  media,  No.  368  {Apid.  6,  IHpi.  7, 

Colcopt.  4),  p.  506. 
Platanthera  bifolia,  p.  533. 
P.  chlorantha,  p.  533. 
P.  solstitialis,  p.  533. 
Plectrauthus  fruticosus,  p.  469. 
Plumbagineae,  p.  382. 
Plumbago,  p.  382. 
Poa  aonua,  p.  568. 
Poinsettia  palcherrima,  p.  520. 
Polanisia,  p.  114. 
Polemoniaceffi,  p.  407. 
Polemonium  caTuleum,  p.  407. 
Polycarpeae,  p.  138. 
Polycarpon  tetraphyllum,  p.  138. 
Polygala  alpestris,  p.  123. 
P.  CnamsebuxuB,  p.  123. 
P.  comosa.  No.  50,  p.  122. 
P.  myrlifolia,  p.  123. 
P.  vulgaris,  No.  51  {Apid.  8,  Lepid.  1), 

p.  123. 
Polygaleffi,  p.  122. 
Polygonaceae,  p.  509. 
Polygonum  aviculare,  No.  374  {Syrph, 

3),  p.  515. 
P.  Bistorta,  No.  370  {Apid.  2,  Dipt.  6), 

p.  511. 
P.    fagopyrum.    No.     369    {Apid.     12, 

Hymen.  4,  Dipt.  21,  Lepid.  4),  p.  509. 
V,.  lapathifoUum,  No.  372  {Syrph.  3),  p. 

514. 
P.  minus.  No.  373  {Syrph.  4),  p.  514. 
P.  Persicaria,  No.  371  {Syrph.  7,  Apid. 
.  3,  Lepid.  1),  p.  512. 
P.  viviparum,  p.  512. 
Polystachya,  p.  528. 
Pomeie,  p.  238. 
Poutedena,  p.  561. 
Pontederiaceae,  p.  561. 
Posidonia,  p.  567. 
PoRoqneria  fragans,  p.  805. 
Potamogeton,  p.  567. 
Potentilla  anserina,  No.  141  {Hymen.  2, 

Apid.  2),  p.  233. 
P.  argentea,  ^.  234. 
P.  atro-sanguinea,  p.  234. 
P.  aurea,  p.  234. 
P.  caulescens,  p.  234. 
P.  fruticosa.  No.  142  {Apid.  2,  Hymen. 
.  2,  Dipt.  15,  Coieopt.  2),  p.  233. 
P.  grnndiflora,  p.  234. 


Potentilla  minima,  p.  232. 

P.  reptans,  No.  140  (Apid.  10,  Hymen, 

1,  Dipt.  1),  p.  232. 
P.  salisburgensis,  p.  234. 
P.  tormenUlla,  No.  143  (Apid.  2,  Dipt. 

4),  p.  233. 
P.  verna,  No.   139  (Apid.  15,  Dipt.  9, 

Coieopt.  1),  p.  231. 
Potentilleae,  p.  229. 
Poterieae,  p.  234. 
Poterium  Sanguisorba,  No.  146  (Vesp.  1), 

p.  236. 
Prenanthes,  p.  361. 
I'rimula  Auricula,  p.  383. 
P.  cortusoides,  p.  884. 
P.  elatior.  No.  288  (Apid.  9,  Dipt.  2, 

[Coieopt.  1]),  p.  384. 
P.  farinosa,  pp.  383,  385,  386. 
P.  iutegrifolia,  p.  385. 
P.  involucrata,  p.  384. 
P.  longiHora,  pp.  383,  385,  386. 
P.  minima,  pp.  383,  385. 
P.  mollis,  p.  383. 
P.  officinalis,  p.  385. 
P.  scotica,  p.  383. 
P.  sikkimensis,  p.  884. 
P.  sinensis,  p.  383. 
P.  stricta,  p.  383. 
P.  verticillata,  p.  383. 
P.  viUosa,  pp.  383,  385. 
P.  viscosa,  p.  385. 
Primulaceffi,  p.  383. 
Pringlea  antiscorbutica,  p.  106. 
Prostanthera,  p.  499. 
Proteaceffi,  p.  519. 
Prunese,  p.  221. 
Prunella  ^andiflora,  p.  490. 
P.  vulgaris,  No.  355  {Apid,  8,  Lepid,  8), 

p.  489. 
Prunus  avium,  Cerasus,  domestica,  No. 

129  {Apid.  8,  Syrph.  3,  Lepid.  3),  p.  222. 
P.  communis  (P.  spinosa).  No.  127  {Apid. 

15,  Hymen.  1,  Dipt.  10,  Coieopt,   1), 

p.  221. 
P.   PaduB,  No.  128  (Dipt.  2,  Apid.  1, 

Coieopt.  1),  p.  211. 
Pulicaria  dysenterica.  No.  223  (Apid.  6, 

Syrph.  3,  Lepid.  3,  Coieopt.  1),  p.  324. 
Pulmonaria  angustifolia  (azurea),  p.  411. 
P.  officinalis.  No.  804  {Apid.  12,  Syrph, 

3,  Lepid.  1,  [Colcopt.  1]),  p.  412. 
Pulsatilla  vemalis,  p.  71. 
P.  vulgaris,  p.  71. 
Pyrola  minor,  p.  382. 
P.  rotundifolia,  p.  382. 
P.  secnnda,  p.  382. 
P.  uniflora,  p.  382. 
Pyroleae,  p.  382. 
Pyrus  Aucuparia,   No.   152  (Apid.  11, 

Hymen.  3,  Dipt.  14,  Coieopt.  18),  p.  289. 
P.  communis.  No.  151  (Dipt.  16,  Apid, 

7,  Hymen.  3,  Coieopt.  4,  Th.  1),  p.  289. 
P.  malus.  No.  150  (Apid.  9,  Hymen.  1, 

Dipt.  6),  p.  238. 
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RaDIOLA  LIXOIDESy  p.  149. 

Kafflesia,  p.  517. 

RanuDCulacese,  p.  69. 

Eanunculus  acris,  balbosos,  repens,  No. 

7  {Dipt.  28,  Coleopt.    11,   Hymen,  4, 

Apid,  20,  Lepid,  4),  p.  76. 
R.  aJpeatris,  p.  74. 
R.   aquatUis,  No.  5  (Dipt,  6,  Apid.  2, 

Colevpt.  1),  p.  74. 
R.  auricomus,  No.  10  {Apid,  3,  ffyftten, 

1,  Dipt.  4,  Th.  1),  p.  78. 
R.  bulbosus  ;  see  R.  acris. 
R.  ficaria.  No.  9  (Dipt.  4,  CoUopt.  I,  Th. 

1,  Apid.  8),  p. '78. 

R.  flamniula,  No.  6  {Dipt,  6,  Apid.  2, 

Lepid,  4),  p.  74. 
R.  gkcialis,  p.  74. 
R.  Januginosus,  No.  8  (Dipt,  3,  Coleopt, 

2,  Hyinen.  1,  ^j>u2.  4),  p.  78. 
R.  montanus,  p.  76. 

R.  parnassifolius,  p.  74. 

R.  pyrenseus,  p.  74. 

R.  repens  ;  see  R.  acris. 

Raphanus  RaphaniBtrum,  No.  41  (Apid, 

1),  p.  113. 
Reseda  lutea.  No.  44  {Hymen,  4),  p.  116. 
R.  luteola,  No.  43  {Ajnd.  4),  p.  116. 
R.  odorata,  No.  42  (Apid,  8,  Hymen,  1, 

Dipt,  1,  Th.  1),  p.  114. 
Resedaceae,  p.  114. 
Rhamnese,  p.  163. 
RhamDUB  Frangala,   No.  86   {Apid,  3, 

Hymen.  1,  Dipt.  1),  p.  163. 
Rheum  Rhaponticum,  p.  516. 
Rhinacanthus,  p.  468. 
Rhinanthus  Alectorolophus,  p.  457. 
R.  ci-ista-galli.  No.  334  {B,  9,  [Lepid.  1]), 

p.  454. 
Rhododendron,  p.  382. 
Rhodoreae,  p.  380. 
Rhus  Cotinus,  No,  88  {Dipt.  6,  Coleopt, 

1,  Hym^m,  6,  Apid.  4),  p.  166. 
R.  typhina,  No.  89  {Apid.  2,  Neuropt, 

1),  p.  167. 
Rhynchodia  jasminoides,  p.  396. 
Rhynchospermum,  p.  396. 
Ribes  alpinum,  No.  158  (Apid,  6,  Dipt. 

3),  p.  249. 
R.  aureum,  p.  251. 
R  ffTossulana,  No.  161  (Apid.  9,  Dipt, 

4),  p.  250. 
R.  nigrum,  No.  159  (A*.),  p.  250. 
R.  pctrajum,  p.  251. 
R.  rubrum.  No.  160  {Apid,  3,  Hymen.  1), 

p.  250. 
R.  sanguineum,  p.  251. 
Ribesiea?,  p.  249. 
Rohdea  japonica,  p.  551. 
Rosa  canina.  No.  148  {Apid.  6,  Syrph.  2, 

Colcopt.  12),  p.  236. 
R.  Centifolia,  No.  149  (Apid.  10,  Hymen. 

3,  S^h.  5,  Colcopt.  16),  p.  237. 
R.  rnbiginosa,  p.  238. 
Rosacese,  p.  221. 


Rosea,  p.  236. 

Rosmarmos,  p.  477. 

Rotala,  p.  261. 

Rubeae,  p.  227. 

Rubiaceae,  p.  301. 

Rubus  fruticosus.  No.    135    {Apid.  31, 

Hymen.  5,  Dipt,  12,  Col^imt.  15,  Lepid. 

4).  p.  227. 
R.  idaeus.  No.  134  {Apid.  11.  Hymen.  % 

Syrph.  2,  CoUopt.  2>,  p.  226. 
R.  saxatilis,  p.  228. 
Ruellia,  p.  467. 
Rumex  crispus,  p.  516. 
R.  obtusifoiius,  p.  516. 
Rutagraveolena,  No.  84  {JHpi.  19,  Hymefu 

11,  Apid.  3),  p.  160. 
Rutacese,  p.  160. 


Sabal  Adamsoni,  p.  562. 

Sagina  nodosa,  p.  137. 

Salicinese,  p.  524. 

Salix  cinerea,  Caprea,  etc. ,  N<k  378  {Apd. 

46,    Hepid.    8,     IHpi.    26,    Lepii.  S, 

Coleopt.  2,  Hemipt.  1),  p.  524. 
S.  herbacea,  p.  526. 
S.  repens.  No.  379  {ApieL  6,  HymeiL  1, 

Dipt.  2,  Lepid.  1),  p.  526. 
Salvia  sethiopica,  p.  479. 
S.  argentea,  p.  479. 
S.  aostriara,  p.  488. 
S.  cleistogama,  p.  483. 
S.  glutinosa,  p.  481. 
S.  Grahami,  p.  480. 
S.  hirsuta,  p.  480. 
S.  lanceolata,  p.  480. 
S.  nilotica,  p.  482. 
S.  nutans,  p.  479. 
S.  officinalis.  No.  847    (Apid.   6.   [+!, 

Lepid.  1]),  p.  480. 
S.  patens,  p.  482. 
S.  pendula,  p.  479. 
S.  porphyrantha,  pp  479,  481. 
S.  pratensis.    No.    346   (Ajrid.   4.  [  +  5, 

Lepid.  2]),  pp.  477,  479. 
S.  rubra,  p.  479. 
S.  Sclarea,  p.  479. 
S.  silvestris.  No.  848  iAjrid.  1,  Hymau 

1),  p.  483.  ^ 

S.  splendens,  pp.  480,  483. 
S.  triangularis,  pp.  479,  483.. 
S.  tubiflora,  p.  483. 
S.  verticillata,  p.  482. 
S.  rirgata,  p.  479. 
Sambucus  Kbulns,  p.  290. 
S.  nigra.  No.  199  {Dipt.   6,   CcitapL  J1. 

p.  290.  '^ 

Sanguisorba  officinalis.   No.  147  (Svnk 

2),  p.  286.  ^  '  ^ 

Sanicnia  europsea,  p.  274. 
Santalacete,  p.  520. 
Sapindacese,  p.  164. 
Saponaria  ocymoides,  p.  128. 
S.  officinalis.  No.  56  (Z^irf*  n.  1,  [m. 

1]),  p.  128.  '^  '  ^  ^ 
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Seponaria  raccaria,  p.  128. 
Sarothamnus  seoparius,  No.  Ill  {Apid, 

6,  iiyrph,  1,  Cokopt.  2),  p.  196. 
Satureia  hortensis,  p.  476. 
Saussurea,  p.  361. 
Saxifraga  aizoides,  p.  245. 
S.  crassifolia,  p.  243. 
S.  opposltifulia,  p.  245. 
S.  Barmen tosa,  p.  243. 
Saxifragaceae,  p.  243. 
Saxifrage«e,  p.  243. 
Scabiosa  arvensis,   No.    211   (Apid.  34, 

Hymen,  4,  Dipt.  15,  Lepid.  11,  Coleopt. 

12),  p.  309. 


S.  atropurpurea,  p.  311. 
I,  No. 
4),  p.  315. 


S.  Columbaria, 


213  (Apid.  2,  Dipt. 


S.  lucid.1,  p.  315. 

S.  succisa,  No.  212  (Apid.  14,  Dipt.  11, 

Lrpid.  5,  ColMpt.  1),  p.  813. 
Scffivola,  p.  364. 
Schizanthus,  p.  428. 
Schombur^kia,  p.  527. 
Scilla  mantima,  p.  554. 
Scirpua  palustris,  p.  567. 
Scitamincse,  p.  542. 
Scleranthus  perennis,  p.  509. 
Scopolina,  p.  427. 
Scrophularia  aquatica,  p.  436. 
S.  nodosa.  No.  322  ( Fesp.  5,  Apid.  4),  p. 

434. 
Scr.'phularinese,  p.  429. 
Scutellaria  galericulata,  No.  850  (Lepid. 

1),  p.  486. 
Secaltt  cereale,  p.  568. 
Sedum  acre,  No.  162  (Apid.  11,  ffymen. 

2,  Dipt.  2),  p.  251. 
S.  album,  p.  253. 
S.  atratum,  p.  254. 
S.  reflexum.  No.  l^S(Apid.  1,  Syrph.  1), 

p.  253. 
S.  repens,  p.  254. 
S.  Telephium,  No.  164  (Apid.  5,  ffymen, 

1,  Dipt.  1),  p.  253. 
Selagineee,  p.  468. 
Sempervivum,  p.  254. 
Senecio    Jacobsea,    No.   238  (Apid.    16, 

Hymen.  1,  Dipl.  18,  Lepid.  3,  Coleopt. 

1,  Hemipt.  1),  p.  835. 
S.  vulgaris,  No.  239,  p.  336. 
Senecionideffi,  p.  333. 
Serapias,  p.  533. 
Serjauia,  p.  164. 
Serraiula  tinctoria,   No.  256  {Apid.   1, 

Lepid.  1),  p.  345. 
Sherardia  arvensis,  p.  804. 
Sibbaldia  procumbens,  p.  284. 
Sideritis  romana,  p.  488. 
Silaus  pratensis,  JN'o.    189   (Hymen.  2, 

Apid.  1),  p.  282. 
Silene  acaulis,  p.  129. 
8.  inflata,  p.  129. 
S.  nutans,  p.  129. 
S.  rupestris,  p.  129. 


Sileneae,  p.  125. 

Silpliium,  p.  361. 

Silybum,  p.  361, 

Siuapis    arvensiB,    No.    40    (l^yrph.    8, 

Hymen.  1,  Apid.  8,  Coleopt.  1,  L^nd, 

1),  p.  112. 
Siphocampylus  bicolor,  p.  865. 
Sisymbrium  AUiaria,  No.  85  {Apid.  1, 

Dipt.  8,  Coleopt.  3),  p.  109. 
S.  officinale.  No.  36  {Apid.  1,  Lepid.  2), 

p.  109. 
Sium    latifolium.    No.    178    {Dipt.    20, 

CoUopt.  3,  Hymen.  8,  Hemipt.  1),  p. 

276. 
Solanaceae,  p.  425. 
Solanum  Dulcamara,  No.  818  (Syrph.  1), 

p.  426. 
S.  nigrum.  No.  314  (Syrph.  2,  Apid.  2), 

p.  426. 
S.  tuberosum,  No.  312  (Syrph.  2),  p.  425. 
Soldauella,  p.  389. 
Solidago  canadensis.  No.  216  {Dipt.  5),  p. 

321. 
S.  viiga-aurea,  No.  216  (Apid.  5,  Syrph, 

2,  Lepid.  1),  p.  820. 
Sonchus  arvensia.  No.    276  {Apid.   11, 

Dipt.  4,  Lepid.  1,  Coleopt.  2),  p.  861. 
S.  oleraceua.  No.  275  {Syrph.  8,  Lspid.  I), 

p.  361. 
Specularia  perfoliata,  p.  869. 
Sinrsea    Aruncus,   No.    182    {Apid.    1, 

Hymen.  2,  Dipt.  2,  Coleopt.  4),  p.  224. 
S.  Filipendula,  No.  181  {Apid.  2,  Syrph, 

4,  Cokopt.  1),  p.  223. 
S.   salicifolia,  sorbifolia,   olmifolia.  No. 

133  {Dipt.  42,  Hymen.  14,  Apid.  17, 

Cokopt.  21,  Neuropt.  2,  Lepid.  2),  p. 

224. 
S.  ulmaria.  No.  130  {Apid.  3,  Hym^en.  8, 

Syrph.  9,  Coleopt.  7),  p.  222. 
Spiraea,  p.  222. 
Spiranthes  autumnalis,  p.  629. 
Stachys    Betonica,    No.    ZU(Apid.    1, 

Dipt.  2,  Lepid.  1),  p.  487. 
S.  germanica,  p.  487. 
S.  palustris,  No.  353  (B.  8,   Syrph.  2, 

Lepid.  3),  p.  487. 
S.  silvatica.  No.  852  {Apid.  6,  Syrph,  I, 

[+  1]),  p.  486. 
Stapelia,  p.  401. 
Statice,  p.  382. 
Stellaria  cerastoides,  p.  186. 
S.  graminea.  No.  64  {Syrph.  1),  p.  188. 
S.  Holostea,  No.  66  {IHpt.   7,  Apid.  6, 

Hymen.  1,  Coleopt.  2,  Lepid.  1,  Th.  1), 

p.  135. 
S.  media.  No.  6ii  {Apid.  6,  Dipt.  4,  Th. 

1),  p.  135. 
Stephanotis,  p.  401. 
Sterculiacese,  p.  146. 
Stigmatostalix,  p.  528. 
Strelitzia  reginee,  p.  648. 
Strobilanthes,  p.  467. 
Stylidiee,  p.  864. 
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SlylochitoD  hypogsDs,  p.  5B4. 

S.  laticiFoUiu,  p.  664. 

StyloBsntheB,  p.  £01. 

Subuluis  aquatics,  p.  113. 

Syagnu,  p.  G62. 

Sycomorne  uttiqaonim,  p.  522. 

SymphoricarpuB    racemoins.    No.     201 

(ytip.  6  t,  Apid.  7,  Hymen.  1),  p.  292. 
SytnphylUTn   offlcLOale,   No.    300  {Apid, 

6.  [+    6],   JOiing.  ],  [Coleopl.    1]),   p. 

tos. 

SymplocaipuB  fiEtiduB,  p,  S6C. 
■Syria  ga  penica,  p.  303. 
S.  vulgaris,  No.  291  (Apid.  8,  Hymen.  ], 
Dipt.  I,  Lepid.  B),  p.  392. 


TAGERNAMONTAKA  RCHINATA,  p.  393. 

Taccu  cristata,  p.  660. 
Taccaceie,  p.  560. 

Tanacetum  vulgare,  Ko.  231  {Apid.  7, 
ffymm.  i.  Dipt.  7,  Lfptd.  5,  ColeupC. 

2,  Semipl.  1,  JVburopt.  1),  p.  332. 
Tniaiscum  officinale,  No.  S71  (^pi'if.  58, 

Hymen.  2,  ^i>)(.  21,  l^id.  7,  Colcept. 

1,  Hemipt.  1),  p.  359. 
Tecoma  capensis,  p.  166. 
TLfsUalia  uudicautia,  No.  33  {Bymtn.  1, 

Voleepl.  8,  Dipt.  3),  p.  106. 
Telekia,  p.  361. 
Teucrium  Botiys,  p.  501. 
T.  Chamiediys,  p.  501. 
T.  Scoroilonia,  No.  365  {Apid.  6,  Syrph. 

I),  p.  199. 
ThalictTum  aquilegi folium,  No.  2  (Apid. 

3,  Syrph.  6,  CoUopt.  ]),  p.  70. 

T.   flavum.   No.  3  {Syrph.  6,  MfiK.  1, 

A*.),  p.  70. 
T.  rainas,  p.  71. 
Th«siuTii,  p.  620. 
Tblaepi  arv«use,  p.  105. 
Tliiincia hirta.  No.  273  {Apid.  16,  5yrpA. 

3,Lcpid.  1),  p.  358. 
Thunbergia  alata,  Ji.  167. 
Thymolt 


Hyta^n.  6,  Apid.  1,  Lepid.  1),  p.  286. 
To^n  alpina,  p.  163. 
Traehelium.  p.  SOU. 
TTBdeacanlin  eivcta,  p.  661. 
Triaiiospermum,  p.  270. 
Trienlalis  caroiXEuni,  p.  392. 
Trirnlium  aIp«Btn-,  p.  186. 
T.  Blpinulr,  p.  186. 
T.  ar\-ensf,  No.   101  {Apid,   11,  //t,mfn. 

].  [LejM.  1]),  p.  186. 
T.  badiuni,  p.  186. 


TriTolitiin  filiforme.  No.  103  (Ji 
p.  187.  ' 

T.  fnwiferain.  No.  M  {Api±  I), 
T.  meainiD,  No.  10*  {Apid.  2),  p, 
T.  mnntamim,    No.    10«  {Apid. 

T.  uivale,  p.  18S. 

T.  pallrsceUB,  p.  189. 

T.  poljtnorphnm,  p.  189. 

T.  ptatensr.  No.    100  (Apid.  21, 

J'q*.  3.  i^jna.  8]),  p.  181. 
T.  procnmbeiiH,    No.    105  {Jpid. 

T.  repena.   No.    98   I  Jpid.  6,  \D 

Lepid.  2]),  p.  181. 
T.  rnbena.  No.  102  {Apid.  2),  p.  1 
Tnglochin  palnatre.  p.  567. 
Triticum  vulgnre,  p.  668. 
Tritoma  Uvaria,  p,  661. 
TrolHus  enropwuB,  p.  80. 
Troj^olnm,  p.  159. 
Tasailago  farlara.  No.  236  Und.! 

2,  Colt«pt.  1),  p.  S33. 
Typhonium  cnapidatum,  p.  561. 

Ulei  irsopars,  p.  IM. 
Umbellifeiffi,  p,  270 
Urtica,  p.  521. 
UrtioiceiE,  p.  620. 
Urlicece,  p.  S20. 
Utriculana,  p.  465. 

Vacciniacr*,  p.  373. 
Vaccininm  Myrttllua,  No.  281  (  i 

[+l]),p.  37S.       ^  "*'■' 

V.  Oiycoccos,  p.  376. 
V.    oliginoaum.     Ho.     285     ( Au,. 

Hymen.  ],  Syrph.  t,  Lepid,  21, 
V.  vitu.idaa,  p.  376. 
Valeriana  cordiTolia,  p.  308 
V.   dioicn,   No.  209  {Api,L    2    D 

Lipid.  1,  CoUopt.  1),  p.  307 
V.  m  on  tana,  p.  307- 

\t^:  "'■  '^  '■""•'  '■ 

V.  TripUriB,  p.  308. 
Valorianeie,  p.  306. 
ValerianeUa  olitoria,  p.  303 
Vallisneria  spiralis,  p.  62fl. 
VardfiF,  p.  528. 
Vanilsllia,  p.  137. 
Vellya,  p.  361. 
Veratnim  album,  n.  557 
Verbaacam  Lychnitis,  {Apid.  l),p 

V.  nigrum.  No.  317  {Apid  S  I 
Lepid.  ],  Coteojtt.  1  7-*  1  '  \- 
1).  p.  128.  •  ■"•■  ''  •'' 

^fp.tr'''*■^^«'-^'"•'■=• 

V.  Thapsns,  No.  319  (j„„,   g    . 

].  Syrph.  3),  p.  430*     '^  ' 

Verbena  officinalia,  p.  fgg 
Verbenaceie,  p.  169. 
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Vernonia,  p.  861. 

Verouica  agrestis,  p.  443. 

V.  alplna,  p.  444. 

V.  arvensis,  p.  444. 

y.  Beccabunga,  No.  325  {Dipt,  i,  Apid. 


Z),  p.  439. 
V.  bellidioides,  p.  4 
V.  Chamajdrys,  No.  324  {Syrph.  8,  Apid. 


idioides,  p.  444. 


4,  Coleopt.  I),  p^  438. 
442. 


y.  hedersefolia 


1),  p.  4: 
ia,  No. 


328  {Apid.  4),  p. 


V.  montana,  p.  439. 

V.  officinalis,  No.  326  {Dipt.  3,  Apid.  3), 

p.  441. 
V.  saxatilis,  p.  444. 
V.  serpyliifolia,   No.  329  {Dipt.  1),  p. 

443. 
V.  spicata,  No.  827  {Apid.  2,  Hymen. 

8),  p.  441. 
V.  triphyllos,  p.  444. 
V.  urticifolia,  p.  439. 
Viburnum  Opulus,   No.   200   {Dipt.   7, 

Apid.  I,  Coleopt.  2),  p.  291. 
Vicia  amphicarpa,  p.  207. 
Y.  angustifolia,  p.  203. 
V.  Cracca,  No.  117  {Apid.  13,  [Hymen. 

1,  Dipt.  1,  Lepid.  1]),  p.  202. 
V.  Faba,  No.  119  {Apid.  8,  [+  2,  Coleopt. 

1]),  p.  206. 
V,  hirauta,  p.  201. 
V.  sepium.  No.  118  {B.  5,  [+  1,  Apid. 

2]),  p.  204. 
Viciece,  p.  201. 
Victoria  regia,  p.  93, 
Villarsia,  p.  407. 

Vinca  major.  No.  294  {B.  1),  p.  396. 
V.  minor.  No.  293  {Apid,  7,   Dipt.  2, 

Th.  1),  p.  394. 
V.  rosea,  p.  395. 


Vincetoxicum,  p.  401. 

Viola  arenaria,  p.  119. 

V.  arvensis,  p.  118. 

V.  bicolor,  p.  121. 

V.  biflora,  p.  119. 

V.  calcarata,  p.  119. 

V.  canina,  No.  49   {Apid.  8,   Dipt.   1, 

Lepid.  2),  p.  121. 
V.  comuta,  p.  119. 
V.  cucuUata,  p.  121. 
V.  elatior,  p.  121. 
V.  floribunda,  p.  121. 
V.  mirabilis,  p.  121. 
V.  montana,  p.  121. 
V,  odorate,  No.  47  {Apid.  6,  Dipt.  1, 

Lepid.  2),  p.  119. 
V.  pinnata,  p.  121. 
V.  pnmila,  p.  121. 
V.  sagittata,  p.  121. 
V.  sUvatica,  No.   48  {Apid.  1,  Dipt.   1, 

Lepid.  5),  p.  119. 
V.  stagnina,  p.  121. 
V.  tricolor,   No.   46   {B.   1,   [Apid.   1, 

Syrph.  1]),  p.  117. 
Violarieaj,  p.  117. 
Voandzeia,  p.  216. 

Wbioblia  rosea,  p.  299. 
Wulfenia  carinthiaca,  p.  445. 

Xeranthemum,  p.  861. 

Yucca,  p.  661. 

Zingiber  officinarum,  p.  542. 
Zingiberese,  p.  642. 
Zinnia,  p.  325. 
Zostera,  p.  667. 
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